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ADDITIONAL OBSERVATIONS on the PROPORTION of 
REAL ACID in the THREE ANTIENT KNOWN MINERAL 
ACIDS, and on the INGREDIENTS in various NEUTRAL 
SALTS and other COMPOUNDS. By RICHARD KIRWAN, Efq. 
L.L.D. F.R.S. and M.R.I. J. 



X HE fundamental experiments on which the proportion of real Read 16th 
acid in the three mineral acids antiently known, and alfo the 
proprortion of ingredients in many neutral falts, were determined, 
I have already fet forth in a paper to be found in the IVth Vol. of 
the Tranfa&ions of this Academy. In that paper I have inferted 
tables of the quantity of ftandard acid exifting in ioo parts of 
each of the acid liquors, of given fpecific gravities, and alfo in 
each of the neutral falts therein mentioned j the mode of ex- 
prefling the quantity of acid I had then adopted I fince d-ifcovered 
to be very inconvenient, as in fome of thefe neutral falts an acid 
flill ftronger than the afiumed ftandard was found to exift. But 
I have there alfo noticed that the ftrongeft vitriolic acid now 
known, exifted in vitriolated tartarin, the ftrongeft nitrous acid 
in nitrated foda^ and the ftrongeft muriatic acid in muriated tartarin ; 
Vol. VII. X Acids 
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Acids of fuch ftrength I have therefore denominated real, as either 
containing t!0 water or containing only as much as is neceflary to 
their eflential ccmpofition, as far as this is at prefent known. The 
method of transforming the expreflion Jlandard into that of real, 
I have there alfo given p. 67, and by it have formed the table I 
here prefent ; this latter expreflion I therefore now employ in every 
cafe inftead of that of Jiandard, together with the fubftitution of 
a more commodious expreflion of the ftrength of acids : The deffgn 
of this paper is alfo to exhibit an illuftration or amendment of 
feveral of the determinations contained in my laft, which being 
for the moft part Angle, required confirmation by fhewing their 
agreement with the experiments of feveral of the moft eminent 
chymitls made fince the publication of mine, that is fince the year 
1 79 1, with a few made nearly at the fame time. In my former 
paper I compared my refults with thofe of Bergman and Wenzel, 
they being almoft the only perfons who had made this fubject the 
principal object of their enquiry, and had purfued it to a con- 
iiderable extent ; in each particular inftance I have traced the 
reafon of the difference of their refults from my own when it was 
fuch as tp deferve notice, and I fhall not here repeat what I have 
there faid ; but I cannot avoid again mentioning one general fource 
of error attending the mode of inveftigation adopted by both and 
yet noticed by neither, namely the lofs that many neutral falts 
undergo dering evaporation, a lofe whofe difcovery is of con- 
fiderable importance, not only to the prefent inquiry, but alfo to 

the 
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the conduit of feveral manufactures, particularly to that of 
faltpetre, and hence noticed by Mr. Lavofier, 15 An. Chy. 254. On 
this head however I hope the Academy will foon receive the fulleft 
information, as our worthy member, Mr. Higgins, has at my requeft 
undertaken to examine its reality and extent with refpect to a 
considerable number of the moft known among thefe falts. 

Though Bergman and Wenzel Should have conducted their 
experiments nearly in the fame manner, as far as we can judge 
from the mode prefcribcd by Mr. Bergman in his notes on SchcfFer, 
publifhed in 1779, yet his refults differ considerably in many 
inftances from thofe of Wenzel, and appear to me far more 
faulty, the caufe of which feems to me to be, that he has in moft 
cafes departed from the method he had originally propofed to 
follow, and fuppofed quantities of water of cryftallization to exift 
in various fubftances without fufficient reafon, or at leaft without 
affigning any fuch. Thus he tells us that pellucid calcareous Spars 
lofe only 34 per cent, of fixed air by folution in acids, whereas the 
daily experience of all chymifts Shews them to lofe from 43 to 44 
per cent, but 1 1 of thefe he fuppofes to be water, becaufe by diftil- 
lation he could not obtain more than 34 per cent, of fixed air, a 
method now well known to be defective, as from the porofity of 
earthen retorts, the inefficacy of lutes, and the infufficiency of the heat 
applicable to thofe of glafs, the true quantity of fixed air can ne- 
ver be thus obtained. Mr. Cavendilh couk] obtain from 311 grains 
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of Carrara marble only i grain of water *, and Florian de Belle- 
vue a who lately has particularly enquired into this matter, fays, 
marbles contain no water, or fcarce any"; and it is of the granularly 
cryftallized that he fpeaks^. Dr. Watfon alfo makes the fame 
remark. 

To tartar vitriolate Bergman has alfo afligned 8 grains of water of 
cryftallization, whereas when dried even in a heat of 70 degrees only, 
except it contains an excefs of acid, it retains not even r per cent, of 
water. To nitre he affigns even 1 8 per cent, a quantity fo great that 
he can fcarce be fuppofed to have meant water of cryftallization. 
Lavofier, who by profeffion muft have been well acquainted with 
a property fo obvious, tells us on the contrary that it contains little 
or none, 15 An. Chy. 256. Mr. Keir allows it when not well 
dried about 2,5 per cent. Wenzel, on the other hand, took but little 
notice of the water of cryftallization, and his miftakes are not fo 
considerable, moft of them independently of the four-;e of error al- 
ready mentioned originated from the fuppofition of a fictitious fub- 
ftance which he called Caujlicum, the unheeded decomposition of 
nitre when ftrongly ignited, and the fuppofition that acids, when 
the compounds into which they enter are heated to rednefs, either 
retain no water or at leaft a conftant and not a variable quantity of 
it; this is indeed an error inherent in the method purfued by him, 

Bergman 

* Phil. Tranf. 1766, p. 167. % 41 Roz. 94. 
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Bergman and myfelf in my firft effays. But he alfo followed ano- 
ther method, which preferved him from many miftakes, which 
was to eftimate the quantity of the ftrongeft acid in a given quan- 
tity of vitriolic acid, v : z : 240 grains by the quantity of it re- 
tained during ignition in tartar of vitriolate, and in 240 grains mu- 
riatic acid by the quantity retained in muriatcd tartarin, for in ef- 
fect thefe acid^, as I have found, contain lead water in thefc com- 
pounds ; this advantage however he fometimes loft by the decom- 
pofitions arifing from ignition, particularly in his experiments on 
metallic fubftances. 

To render this paper ftill more ufeful, I fhall lay before the Aca- 
demy fome important determinations of the proportion of ingre- 
dients in compounds of which I had not myfelf treated, and are 
either not generally known, or fcattered in divers treatifes not easi- 
ly collected, to moft of which however I have added my own ex- 
periments. 

When alkalies or earths combined with fixed air are diffolved in 
acids, though far the greater part of the fixed air is expelled dur- 
ing the folution, yet fome portion of it is often retained, and may 
in fome degree alter the fp. grav. of the folution ; this circumftance 
I did not recoiled till lately ; it was firft noticed by Mr. Cavendiih, 
Phil. Tranf. 1766, p. 172, and afterwards by Bergman in his notes 
on SchefFer, § 51, but more explicitly by Scheele, Chy. An. 1786, 

P- *3» 
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p. 13, and by Bulini on Magncfia, p. 149. As totheufe refulting 
from refearchcs of this nature it were fuperfluous to attempt to 
prove it at this day, the rccourfe which the mod eminent analyfts 
have been obliged to have to it in particular inftances, as will pre- 
fently appear, fufficiently evinces it. '• Inquiries of this kind (fays 
" Mr. Fourcroy) are more difficult and delicate than thofe which 
" have hitherto been made on falts ; whatever requires a precife 
" knowledge of quantities and proportions, prefents difficulties fo 
" great as often to appear infurmountable, }ct without this know- 
" ledge no ptogrefb c.in now be made in chymiftry," 10 An. Chy. 
325 •, and according to Bergman, " Ufus cognitae proportionis prin- 
" cipiorum ingredientium egregius eft et multifarius." 1 Bergm. 
137. chap. 1. § 1. 
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63>39 


1,1678 


i^75 


J >3 8 75 


49,27 


1,1639 


20,59 


1,0784 




62,50 


1,1614 


*7,8S 


i,3 82 5 


48,53 


1,1581 


19,85 


1,0742 
1,0630 




61,61 


*, l 53 I 


16,96 


i,3775 


47,80 


1,1524 


19,' 2 




60,71 


1, '398 


16,07 


i,37 21 


47,06 • 


1,1421 


18,48 


1,0345 




59,82 
58,93 


1,1309 
1,1208 


15,18+ 
14,28 


i,3 6 7 ! 
1,3621 


46,33 
45,59 


i 5 »3i9 

1,1284 


17,651- 
16,91 


1,0169 








5%,°3 


1,1 129 


13*39 


i,357i 


44,864- 


1,1241 


16,17 






57, '4 


1,1011 


12,50 


1,3521 


44,12 


1,1165 


!5,44 






56,25 

55,36+ 

54,46 


i,°955 


11,60 

10,71 
9,80 


1,3468 
1,3^7 


43>3 8 
42,65 


1,1111 

1,1040 


14,70 
13.27 






1,0896 
1*0833 














53^57 


1,0780 


8,03+ 


The Numbers above the Lines c! 


rawn acrofs 






52,68 


1,07-5 


8,03 


the Tables of vitriolic and nitrous 


Acids were 






5i,7% 


1,0666 


7,U 


found by Experiments j thofe under 


the Lines 






5° 5 8 9 


1,0610 


1 6,25 


only by Analogy. - 








50,00 


i,o555 


5,35 













I of different Denfities, at the 
nperature of 6o°. 



100 Parts 
Sp. Gravity, 



1,3364 

i,33 '5 

1,3204 

1.3212 
1,3160 

1,3 I ~>o 

1,3056 

1 ,3004 
1,2911 

1,2812 

J.7 2 779_ 

1,2687 
1,2586 
1,2500 
1,2464 
1,2419 

',2374 
1,2291 
1,2209 
1,2180 
1,2152 

i» 2 °3 3 
1,2015 

i,«9 6 3 
1,1911 

1,1845 

i,i779 

1,1704 

1.1639 
1,1581 

i,i5 2 4 
1,1421 

1,1284 
1,1241 
1,1165 
1,11 1 1 

1,1040 



Real 
Acid. 



41,91 
41,18 

40,44 

39>7» 

3 8 ,97 

3 8 ,34 

37>S° 

3 6 '77 

5 6 ,°3 

35,3°+ 

34,56 

33,09 

3 2 ,35 
31,62 

30,88 

2q,4i 
. 28,68 

27,94 
27,21 + 
26,47 

25>74+ 

25,00 

24,26 

2 3>53 
22,79 

£2,c6 

21,32 

20,59 
19,85 

19,12 

18,48 
17,65 f 
16,91 
16,17 

15,44 

14,70 

*3,27 



In Marine Acid of dif* 
ferent Denfities, at the 
Temperature of 6o2. 



100 Farts 
Sp. Gravity. 



,196 

,i9 r 
,187 

,183 
,«79 

,175 
,171 

,167 

,163 

, l 59 
^SS 
,151 

,147 
,1414 

,1396 

,*35$ 

,*3 2 ° 
,1282 

,1244 
,1206 
,1168 
,1120 
,1078 
,1036 
,0984 
,0942 
,0910 
,0868 
,0826 
,0784 
,0742 
,0630 

,°345 
,0169 



:rs above the Lines drawn acrofs 
vitriolic and nitrous Acids were 
riments j thofe under the Lines 



of vitriolic Acid to Water de* 
Latio of the Square of theQuan- 



Real 
Acid. 



25,28 
24,76 

24,25 

*3>73 

23,22 

22,70 
22,18 
21^67 

21,15 

20,64 

20,12 

9,60 

9,09 

8,57 
8,06 

7,54 
7,02 

6,5* 
5,99 

5,48 

4,96 

4,44 
3,93 
3,4i 
-2,90 

2,38 
1,86 

J >35 

°,3 2 
9,So 
8,25 
5,'6 
2,58 



*><■-"/" 


/5,"y 


' i J 


j*, -j 


* i-rj J J 




i,7059 


7$~ 


1,2847 


3o,35 


1,4524 




1,7849 


74,n 


',2757 


29,46 


i,447i 




i 5 77.?8 


7^,22 


1,2668 1 


28,57 1 


1,4422 




1,7629 


7^,32 


1,2589 


27,68+ 


'A373 




1,7519 • 


7*, +3 


1,2510 


26,78 


1,4324 




1,7416 


70,54+ 


1,2415 


25,89 


1,4275 




1, 73 12 


60.64 


1.2320 


25,— 


1,4222 




1,7208 


68,75 


1,2210 


24,10 


1,4171 




1,7104 


67,86 


l,2!OI 


23,21 | 


1,4120 




1,7000 


66,96 


I.2009 


22,32 ' 


1,4069 




1,6899 


66,07 


I,IQl8 


21,43+1 


1 ,40 1 8 




1,6800 


65,18 


1,1836 


2 °,53 


i,3975 




1,6701 


64,28 


1,1746 


19,64 


i,39 2 5 




1,6602 


63»39 


1,1678 


18,75 


i,3875 




1,6503 


62,50 


I,r6i4 


n^s 


i,3 g 25 




1,6407 


61,61 


*> l S3 l 


16,96 


^5775 




1,6312 


60,71 


i-'39 8 


16,07 


*,37 21 




3,6217 


59,82 


i,i3 9 


15,18+ 


i,3 6 7! 




1,6122 


53,93 


1,1208 


14,28 


1,3621 




1,6027 


5%W 


1,1 129 


»3'39 


i,357i 




i,593 a 


57,i4 


1,1011 


12,50 


1,3521 




1,5840 


56,25 
54,46 


i,°955 


11,60 

10,71 
q,8o 


1,5468 
i,3^7 




i,5748 


1,0896 
1,0833 




i,5 6 5 6 




i,55 6 4 


53,57 


1,0780 


8,93+ 


The Numbe 


i,5*73 


52,68 


1,0725 


8,03 


the Tables of 


^5^5 


5^7* 


1,0666 


7,14 


found by Expe 


1,5292 


50,89 


1,0610 


6,25 


only by Analog 


1,5202 


50,00 


i,°555 


5>35 
4,46 




1,5112 


49,11 + 


1,0492 




1,5022 

i,4933 

.1,4844 


48,21 

47;3 2 
46,43 


1 ,0450 
1,0396 

i,o343 


3>57 
2,67 
1,78 


The Affinity 
creafes in the E 
tity of Water i 
and 197. 
\ And folbeli 
it is the mean A 


',4755 


45,53 






* The Sj 
former Tab! 


1. Gravir 

e. , 


y was 1,374 


1 in the 



Note. The ftandard Quantities of Vitriolic Acid were re 
Nitrm, by multiplying them into 0,7354, and the Marine 1 
in my lad Paper. 



7 U 

>59 


75," 


1,2847 ; 


3o,35 


1,4524 


58,83 


1,2419 


o~,~" ; 
3o,i5 ! 


i,i3 2 




L !9 


74," 


*>2757 


29,46 


1,4471 


5%*>9 


1,2374 


29,41 ! 


1,128 


r 3 8 


7^,22 


1,2668 1 


28,57 J 


1,4422 


57,36 


1,2291 


. 28,68 1 


1,124 


>2'9 


7 % 3 2 


1,2589 


27,68+ 


!,4373 


56,62 


1,2209 


27,94 


1,120 


,19 . 


72,43 


1,2510 


26,78 


1,4324 


55, 8 9 


1,2180 


27,21 + 


1,1 16 


f i6 


70,54+ 


i,24J5 


25,89 


1,4275 


55,15 


1,2152 


26,47 


1,112 


512 


60.64 


1.2320 


25,— 


1,4222 


54,12+ 


1,2033 


25,74+ 


1,107 


Jo3 


68,75 


1,2210 


24,10 


1,4171 


53,68 


1,2015 


25,00 


1,103 


04 


67,86 


1,2101 


23,21 


1,4120 


5 2 ,94 


1,1963 


24,26 


1,098 


JOO 


66,96 


I.2009 


22,32 


1,4069 


52,21 


1,1911 


2 3,53 


1,094 


i 99 


66,07 


I,I0l8 


21,43+1 


1 ,40 1 8 


5 ',47 


1,1845 


22,79 


1,091 

(1 z!" 


Boo 


65,18 


1,1836 


2 ° 5 53 


i,3975 


5°,74 


i,i779 


£2,c6 


1,086 


701 


64,28 


1,1746 


19,64 


',3^25 


50,00 


1,1704 


21,32 


1,082 


5o2 


63»39 


1,1678 


'8,75 


J >3 8 75 


49 ,27 


1 , 1639 


20,59 


1,078. 


5°3 


62,50 


1,1614 


'7^5 


i,3 82 5 


48,53 


1,1581 


19,85 


1,074 


^07 


61,61 


','53i 


16,96 


i,3775 


47,80 


1,1524 


I9,i2 


1,063 


312 


60,71 


i>'398 


16,07 


i,37 21 


47,06 • 


1,1421 


18,48 


1,034 


217 


59,82 
58,93 


1,1309 
1,1208 


15,18+ 
14,28 


1,3671 
1,3621 


46,33 
45,59 


i,»3i9 

1,1284 


17,651- 
16,91 


l,Ol6 


122 




027 


5 8,03 


1,1 129 


»3,39 


i,357i 


44,86+ 


1,1241 


16,17 j 




93 3 


57»*4 


1,1011 


12,50 


1,3521 


44,12 


1,1165 


15,44 




840 


56,25 

55*6+ 

54,46 


i,°955 


11,60 

10,71 
9,80 


1,3468 
1,3417 


43,38 
42,65 


1,1111 

1,1040 


14,70 
l 3M 




748 


1,0896 
1,0833 




656 








5 6 4 


53<57 


1,0780 


8,93+ 


The Numbers above the Lines drawn acrofs 




473 


52,68 


1,07-5 


8,03 


the Tables of vitriolic and nitrous . 


Acids were 




,85 


5*:7% 


1,0666 


7,H 


found by Experiments j thofe under 


the Lines 




292 


5°> 8 9 


1,0610 


6,25 


only by Analogy. - 






202 


50,00 
49,11 + 


i>°555 

1,0492 


5>35 
4,46 








Ti2 








022 

^933 

^44 
*755 


48,21 

47.3 2 
46,43 
45,53 


1 ,0450 
1,0396 

1,0343 


3^57 
2,67 
1,78 


The Affinity of vitriolic Acid to 
creafes in the Ratio of the Square 0; 
tity of Water united to it. 23 Ann 


Water de* 

the Quan- 

. Chy. 196 




The S } 
er Tabl 


1. Gravit 

e. , 


y was 1,374 


1 in the 


! And folt 
it is the mcar 


elieve it does to ali other Subftances ; 
' Affinity that is commonly given. 





'ate. The ftandard Quantities of Vitriolic Acid were reduced to Real by multiplying them into 
cm, by multiplying them into 0,7354, and the Marine by multiplying' them into 0,516, for the Rea 
ly lad Paper. 



Y— 1 



5S,83 

58*09 

57>3 6 
56,62 

55, 8 9 

55> l 5 
54,12+ 

53^8 

5 2 ,94 

52,21 

5 ! ,47 

5°>74 
50,00 

49,-7 

48,53 

47,80 

47,06 • 

46,33 
'45.59 
44,8 6 + 
44,12 

43>3 8 
42,65 



1,2419 

7,2374 
1, 2291 
1,2209 
1,2180 
1,2152 

1,2033 
1,2015 

i,«9 6 3 
1,1911 

1,1845 

i,i779 

1,1704 

1,1639 
1,1581 

i,i5 2 4 
1,1421 

1,1284 
1,1241 
1,1165 
1,1111 

1,1040 



29,41 
. 28,68 

27,94 
27,21 + 
26,47 

25,74+ 

25,00 

24,26 

2 3,53 
22,79 

£2,c6 

21,32 

2°,59 
19,85 

19,12 

18,48 
17,65 f 
16,91 
16,17 

15,44 

14,70 



:rs above the Lines drawn acrofs 
vitriolic and nitrous Acids were 
riments j thofe under the Lines 



of vitriolic Acid to Water de 
latio of the Square of the Quan-1 
mited to it. 23 Ann. Chy. 196! 

eve it does to ali other Subftances j 
.ffinity that is commonly given. 



1,1320 


17,02 


1,1282 


16,51 


1,1244 


J 5,99 


1,1206 


15,48 


1,1168 


14,96 


1,1120 


14,44 


1,1078 


*3»93 


1,1036 


!3,4I 


1,0984 


12,90 


1,0942 


12,38 


1,0910 


11,86 


1,0868 


i f , 35 


1,0826 


10,83 


1,0784 


10,32 


1,0742 


9,So 


1,0630 


8,25 


i,°345 


5,^ 


1,0169 


2,58 



:duced to Real by multiplying them into 0,8929. of the 
:>y multiplying' them into 0,516, for the Reafons mentioned 



y— 1 
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Of the Alteration arifing from Difference of Temperature. 

To difcover this alteration by experiment in each individual in- 
stance would be an endlefs tafk, hence I have felected only 3 
cafes with refpect to the vitriolic acid, and 2 of the nitrous, and 
obferved the changes in each at every 5 degrees above 6o° unto 
temperature 70°, and at every 5 degrees below 6o° unto temperature 
50 nearly, thefe being the temperatures at which experiments ar« 
ufually made. 

Of the Vitriolic Acid. 



Vitriolic acid 


1,8360 


at 


temperature 


6o° 


Becomes 


1,8292 


at 


- 


70 




1,8317 


at 


- 


65* 




1,8382 


at 


- 


55° 




1,8403 


at 


- 


5o° 




1,8403 


at 


- 


49 p 



hence we fee that vitriolic acid, whofe denfity at 6o° is 1,8360, 
lofes by afcending and gains by defcending 0,00068 for every degree 
of temperature between 6o Q and 70 and 0,00043 nearly by each 
degree between 60S and 49 . 

Vol. VII. Y Again 



[ I 7° ] 

Again, vitriolic acid 1,7005 at - 6o° 

Becomes 1,6969 at - 70° 

1,6983 at - 65 

1,7037 at - 55 

1,7062 at - 50 

hence vitriolic acid, which at 60* is 1,7005 gains or lofes 0,00036 

nearly for every degree between 6o° and 70 , and 0,00051 by 
every degree between 6o° and 50 . 

Laftly, vitriolic acid 1,3888 at - 6o° 

Becomes 1,3845 at - 70 

1,3866 at - 65 

1,3898 at - 55 

1,3926 at - 49* 

hence vitriolic acid, which at 6o° is 1,3888 gains or lofes 0,00043 
nearly by every degree between 6o° and 70 , and 0,00034, nearly by 
every degree between 49° and 6o a , between 49" and 50 , I per- 
ceived no difference. 

Of the Alteration of Denjity from Difference of Temperature in 

Nitrous Acid. 



Nitrous acid, which was 1,4279 at 


- 


6o« 


Became - - 1,4178 at 


- 


70 


1,4225 at 


- 


6 5 « 



1,4304 



[ *7* ] 

i,43°4 at - 55° 

i,4336 at - 50° 

1,4357 at - 45° 

hence nitrous acid, which at 6o° is 1,4279, gains or lofes 0,0010 r 
nearly by every degree between 6o Q and 70° j and 0,00052 by 
every degree between 45 ^ and 60 °. 

I formerly found that the ftrongeft fpirit of nitre is raoft ex- 
panded by heat or contracted by cold. 

Also, that nitrous acid, whofe fp. grav. at 34 was 1,4750, 
was expanded by heat as follows : 

1,4750 at 341 then it gains or lofes 0,0097 by 15 
became 1,4653 at 49 j between 34? and 49 inclufively. 

Again I found that oolourlefs nitrous acid whofe fp. grav. was 

1,4650 at - 30° 

became - 1,4587 at - 46° 

1,4302 at - 86° 

hence by the firft 16 from 30 to 46 it gained 0,0063, and by 

40°, that is from 46 to 86°, it gained 0,0285. 

Again, nitrous acid whofe denfity was 

1,2363 at - 6o° 
became - 1,23*0 at - 70^ 

1,2342 at - 65* 

Y 2 1,2384 
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1,2384 at - 55* 

1,2406 at - 50 

1,2417 at - 459 
hence nitrous acid, which at 6o9 is 1,2363, gains or lofes by every 
degree between 6o° and 70 , 0,00043 and 0,00036 by every 
degree between 6o° and 45 ° ; and we may affume 0,0005 as tne 
variation incident to every degree between 6o° and 70 ° in nitrous 
acid, whofe denfity at 60^ is between 1,3 and 1,4 and 0,0004 for the 
variation between 44 and 6o Q 

Of Marine Arid. 

I formerly found that this acid of the denfity 1,196 at 33° 
became of the denfity 1,1820 at 66°, the alterations of acids of 
lower fp. grav. I have not examined, but I found that in general its 
dilatability is greater than that of nitrous acid of the fame denfity. 



OF THE USE OF THESE TABLES. 

Problem ift. 

An extratabular fpecific gravity being given, but intermediate 

between fome of thofe in the table, to fnd the quantity of real acid 

in 100 parts of fuch acid liquor. 

1 ft. 



[ i73 J 

ift. Find the difference betwixt the next higher and lower 
tabular densities = D, and alfo the difference betwixt their acid 
contents = D'. 

2d. Find the difference betwixt the extratabular fp. gravity 
and the next upper or next lower, which ever it is neareft to = d, 
and let the difference betwixt its acid contents (or quantity of 
real acid) and thofc of the next upper or lower = d\ which is the 

TV // 
quantity fought ; then as D. D' : : d. d' then d'~ -=- — confequent- 

ly d' added to the acid contents of the lower tabular fp. grav. or fub- 
ftracled from the upper, is the quantity fought. 

Note. In general when d y that is the difference between the ex- 
tratabular fp. grav. and any tabular fp. grav. does not exceed T ^-z 
it is infenfible, and the acid contents of the lower or upper, which 
ever is neareft, may be afcribed to it. 

Problem 2d. 

The quantity of real acid in 100 parts of an acid liquor being 
given but ^extratabular, being intermediate between fome of the 
quantities in the tables, to find the fp. grav. of fuch acid liquor. 

T>d' 

Find D, D and d as in the foregoing problem, then d= ~r, — * 

then d added to the lower tabular fp. grav. or fubftra&ed from the 

upper, gives the fp. grav. fought. 

But 
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But with regard to the marine acid its fp. grav. is to be inv,efti- 
gated according to the ordinary mathematical roles. 

Problem 3d. 

To find how much water muft be added to 100 parts of an 
acid liquor of a given fp. grav. to bring it down to another lower 
given fp. grav. 

lft. Find by the table the quantities of acid and water in 100 
parts of each of the acid liquors refpe&ively, each being fuppofed 
to be in the table, let the quantity of water in the denfer be W, 
and the quantity of acid = A, let the quantity of water in the lefs 
denfe = w, and the quantity of acid = a, and the quantity of 
water to be added to 100 parts of the denfer = m 
then W + m muft be to A as w to a 
And Wn + a«=Aw. And a m = A w — W # . 

„ , Aw — W a 

And m = 

A 

Problem 4th. 

Given weights of a or more acid liquors of different fp. gravities 
being mixed, to find the quantity of real acid in 100 parts of the 
mixt liquor and its fp. grav. 

Find 
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Find the fum of the quantities of real acid in too parts of the 
mixture, then find the refulting fp, grav. by the 2d problem, if the 
given fp. gravities be extratabular, the operation muft be more te- 
dious, as the acid contents of each muft be found. 

Problem 5th. 

The quantity of an acid liquor requifitc to faturate 100 parts 
of any bafis being found, to find the fp. grav. of that acid liquor. 

ift. Find by the 4th table the quantity of real acid requifite 
to faturate 100 farts of the given bafis, it is then plain that the 
given quantity of acid liquor contains the requifite quantity of 
real acid, fince it is fuppofed to faturate 100 parts of the bafis 
and hence we may fee how much 100 parts of fuch acid liquor 
contains of real add, and if this laft found quantity be in the 
table, its fp. grav. will be feen, but if extratabular, its fp. grav. 
muft be fought by the ad. probiem. 

Problem 6th. 

The quantity of real acid requifite to faturate 100 parts of any 
bafis being known, to find how much of one acid liquor of any 
given fp. grav. is requifite to faturate that, and confequently any 
other given quantity of fuch bafis. 

If 
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If the given fp. grav. of the acid liquor be tabular the quantity 
of real acid in ioo parts of it is apparent, and confequently the 
quantity of fuch acid liquor containing the required quantity of 
real acid, is cafily found by the rule of proportion. But if the 
given fp. grav. is extratabular the quantity of real acid in ioo parts 
of the acid liquor mult be fought by the firfl problem. 

Problem 7th. 

The quantity of real acid, in a given quantity of an acid liquor 
being known, and alio the quantity requifite to faturatc 100 parts 
of any given bafis. To difcover the quantity of fuch bafis con- 
tained in any folution, or in any powder, by which the given 
quantity of acid liquor is faturated. 

If the bafis be fingle (that is unmixed with any other bafis to 
which the acid may unite) or combined only with fixed air the 
folution is eafy, but if the given bafes be mixed with other bafes 
combinable with the fame acid, the folution is more complex and 
varies according to the variety of cafes. 

Problem 8th. 

To find how much of an acid liquor of one fort will hold as much 

real acid) as is held by a given weight of an acid liquor of another 

fort whofe fp. grav. is alfo given : — For inftance, how much vitriolic 

acid will contain the fame quantity of real acid as is contained in 

ioo grains nitric acid whofe fp. grav. is 1,3925. 

ift. 
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I ft. Firft find by the table the quantity of real acid contained in 
the given quantity of the fecond acid, whofe fp. gr. is given, or if 
not in the table it mud be found by Problem ift. 

2d. It is apparent that the quantity of the firft. acid liquor mud 
vary with its fp. gr. thus, in the inftance given, as ioo parts nitrous 
acid of the fp. grav, 1392 contains 50 parts real nitrous acid, fo 100 
parts vitriolic acid whofe fp. grav. is 1,5202 contains by the table 
the fame quantity of real acid, v. z. 50 parts, but of the vitriolic 
acid whofe fp. grav. is 1,800 only 64 parts are requifite to contain 
50 parts of real acid, whereas 200 grains are requifite of the vi- 
triolic acid whofe fp. grav. is 1.2320. 

Note, The folution of this problem may hereafter be found of ufe 
in comparing the quantities and affinities of oxygen in different 
acids. 

P&oblsm 9th. 

To find the fp. grav. of fuch vitriolic acid as that 100 parts of 
it fhall contain the fame quantity of real acid as 100 parts of the 

nitrous. 

This can be found only by infpe&ion on confulting the ta- 
bles ; an example has been feen in the laft problem, fo alfo 
100 parts vitriolic acid 1,3102 contain the fame quantity of real 
acid as 100 parts nitrous acid whofe fp. gr. is, 1,2687. And 
100 grains vitriolic acid whofe fp. gr. is 1,1746 contains the 

Vol. VII. Z fame 
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Tame quantity of real acid as 100 grains fp. fait whofc fp. gr. is 

X.I CO. 



1,159 



And„ 100 grains nitrous acid 1,1963 contains the fame quantity 
of real acid as 100 grains fpirit of fait whofe fp. grav. is 1,187. 

Hence it fhould feem that the fp. grav. of the real marine acid 
is fmaller than that of the real nitrous, and that of the real nitrous 
fmaller than that of the real vitriolic, fince \vhen the weight of 
each acid, and alfo the weight of real acid in each is equal, the vi- 
triolic acid is fpecifically heavier than the nitrous, and the nitrous 
than the marine, but this perhaps may arife from penetration. 

Problem 10. 

To find how much of a neutral fait of one fort holds as much 
real acid or bafis as a given weight of the fame neutral fait in 
another ftate, or as a given weight of another fait in any given 
ftate. 

These queftions are refolved by the 4th and 5th tables, thus 

if it be afked, how much nitre contains as much acid as 20 grains 

of vitriolated tartarin? By the 4th table I fee that 221,48 parts of 

vitriolated tartarin and 227,22 parts nitre contain equal quantities 

of acid fince both contain 100 parts, then as 221,48. 227,22 : : 

20.20,5. 

Again, 
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Again, How much deficcated foda will hold as much alkali as 
30 parts cryftallized foda? In the 5th table I fee that 541,1 parts 
of the cryftallized hold as much alkali as 227,4 parts of the defic- 
cated, then as 541,1 . 227,4 : : 30 . 12,6. 

Problem nth. 

How much of a given bafis will be requisite to faturate the 
acid contained in a given quantity of a given neutral fait, thus 
how much deficcated foda will be tequifite to faturate the acid 
contained in 50 parts cryftallized Epfom ? 

By the 4th table I fee that 100 parts real vitriolic acid are con- 
tained in 340 parts cryftallized Epfom. Then if 340.100 : : 50, 14,7, 
then by the 3d table I fee that ioo grains of real vitriolic acid 
faturate 78,32 of foda. Confequently if 100 faturate 78,32 : : 14,7 
would faturate 11,51 of foda. 

Laftly, In the 6th table I find that 100 grains deficcated foda 
contains 60 of foda. Then if 100: 60 : : x. 11,51, then x= 19,1 parts 
deficcated foda. Then 19,1 parts deficcated foda will faturate the 
acid contained in 50 parts cryftallized Epfom. 

Note 1 ft. This problem is of ufe in determining the quantity 
of any precipitating fubftances to be employed in decompofitions, 

Z 2 operated- 
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operated cither by a finglc or double affinity. But in moll cafes 
more of the prcci ; vaat mud be employed than the exact quantity 
necefifary for f.turation, and particularly when decompositions are 
attempted in the dry way, as otherwiie a complete contacl with 
the fubftancc to be decompofed will not be attained, or if volatile 
it may be fublimed before the decomposition takes place. 

Problf.m 1 2th. 

Some analyfts have denoted the ftrength of their acids by cx- 
preffing the quantities of each neceffary to faturatc a certain quantity 
of alkaline liquor (and fomctimes of another balls) without even 
telling whether the alkali-was mild or cauftic, or the quantity of it 
contained in the alkaline liquor. This problem is confequently 
indeterminate. However a method of giving fome folutions of it 
may be underftood from the following example ; and circumftances 
will generally Ihew whether the application to particular cafes be 
jult. 

Link tells us that 240 grains of a vitriolic acid which he employed, 
faturated 6,$ times its weight of tartarin (he muft mean in a liquid 
ftate, as no vitriolic acid will faturate fix times its weight of real 
alkali) and that 240 grains of the nitrous acid he employed fatu- 
rated 2-5 times its weight of the fame alkali, ^uere the fpec. 
gravity of both acids ? 

1 ft It is plain, that fince 240 grs. of the nitrous acid faturated 
2,5 times its weight of the alkali, 624 grs. of that acid would fa- 
turatc 
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tunte 6.5 limes its weight of the alkali; and fince 614. o;rs. of the 
nitrous acid would faturate as much a'kiii as 24-3 oi i;w vii 1 ! ic 
acid, then ?6o grs. of it would fatunue a^ much Jk.'.i ;i.s 100 
grs. of the vitriolic acid could faturate. Therefore fvppoiirg 
100 of the vitriolic acid to contain 75 of real acid, firce moie 
real nitrous acid is required to faturate a given quantity of tarta- 
lin than of vitriolic acid, in the invcrfe ratio of 1214 to 1 1 77 
(as appears by the third table,) then denoting the quantity of 
real nitrous acid in 260 grs. of the nitrous liquor, by x 
we have the following equation as 1214. r 177 : : x 75. and 
x = 77,55. Then 260 grs. of the nitrous acid contain 77,5 5 
of real nitrous acid, confequently 100. grs. of it contained 29,82 
real acid. And therefore its fp. grav. was nearly 1,234, and that of 

the vitriolic about 1,800. The quantity of alkali in the alkaline 

liquor might alio on this fuppofition be determined. 

So if it be required to know how much common fait is requifite to 
decompofe a folution of nitrated filver containing 1 76,25 grs. of filver : 

ift. I find by the 6th table that 75 grs. filver take 16,54 of ma- 
rine acid, confequently 176,25 gr. filver take up 38,87. 

2d. By the 4th table, I find that roo grs. muriatic acid are con- 
tained in 257,2 of common fait, confequently 38,87 are contained 
in 99,973, that is 100 grs. common fait, then 100 grs. of it are 
necelTary to precipitate the filver. 

ILLUSTRATION 
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ILLUSTRATION OF THE TABLES. 

Few chymifts have made experiments appofite to my prefent 
purpofe, and thofe that have made any relative to it, have gene- 
rally neglected marking the temperature, and thus prevented an 
exact comparifon of the refults they obtained with thofe that fhould 
be expected from the quantities of real acid and water fet forth in 
my tables. 

The moll accurate of thefe experimenters was Hahn, who has 
infhtuted a considerable number, of which an account is given in his 
Differtation Dc Efficacia Mixtion'u in Mutandis Cor por umVoluminibus - y 
of thefe I (hall felect a few, which I think by their coincidence 
with the refults to be obtained, calculating from my tables, furnifh 
a full proof of their accuracy, at leaft to as great a degree as can 
be expected in fubjedts of this nature. 

Of the Table of Vitriolic Acid. 

\ft Experiment. 

Hahn, to 800 grs. of vitriolic acid whofe fp. grav. was 1,8489 

at the temperature of 44 , added 400 grs. of water in a vefTel that 

confined the vapours, and when the mixture was cooled down to 

the temperature of the air he found its fp. grav. 1,545- — p. 48 

and 49. 

Application. 
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application. 

Vitriolic acid of this denfity lofes, as we have feen, ,00043 
in denfity, by each degree between 44 and 6o° ; hence its fp. 
grav. at 6o° fhould be 1,8489 — ,00043 X 16 = 0,0068 = 1,8421, 
which differs infenfibly from the next lower tabular fp. grav* 
1,8424, and therefore this may be taken for it. 

The quantity of real acid in 100 grs. of the acid liquor, whofe 
fp. grav. is 1,8424 amounts to 78,57 per cent, per table, then 800 
grs. of th^t acid liquor contains 78,57'x 8 = 628,56 of real acid, 
and confequently the 1 200 gr. of the mixture contain that quan- 
tity of real acid, and therefore 100 grs. of the mixed liquor con- 
tain 52,38 of real acid, which we fee differs but little from the 
tabular real acid, 52,68 which indicates the fp. grav. to be i,5473» 
and the difference between this and the fp. grav. found by Hahn 
is inconfiderable. 

However, to obtain a clofer approximation, and to give an ex- 
ample of the mode of folving the 2d problem, I fhall deduce thefp. 
grav. from the rules laid down for the folution of that problem. 

if}. The next higher fp. grav. is 1,5473, and the next lower is 

1,5385, and the difference between them is 0,0088 = D. 

Their acid contents are 52,68 and 51,78, and their difference 

0,9 = D'. 

2d. 
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2d. The difference betwixt the given extratabular acid contents, 

52,38, and the next lower tabular acid contents 51,78 is 0,6 = d 

then d, the quantity to be added to the lower fp. grav. is found by 

. . . Bd 0,0088 x 0,6 0,0528 

the formula d — -^r, — = — - — = 0,001; 8 

D 0,9 0,9 3 

'.5385 
Now + 0,0058 and that found by Hahn is 1,545. 

= i75443 

This it is true would be the fp. grav. at 6o°, and after 3 days 
reft (the time I allowed for the penetration of the mixtures men- 
tioned in my tables,) and it does not appear what the temperature 
of Hahn's mixture was when he took its fp. grav. if it was 44 (the 
temperature of his oil of vitriol) it is poffible that the cold without 
exad penetration might produce an effedt equivalent to that which, 
time would produce by penetration. 

2d Experiment. 

In this Hahn added 400 grs. of water to the 1 200 grs. of the 
foregoing mixture, and confequently the new mixture weighed. 
1600 grs. and contained the fame quantity of real acid as the fore- 
going, that is 628,56 grs. he found its fp. grav. when cold to be 
i,38>40» 

Application* 
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Application. 

Since 1600 grs. of the mixture contained 628,56 real acid, 100 

grs. of it fliould contain 39,28 ; now this quantity of real acid is 

exa&ly in the table, and correfponds with the fp. grav. 1,3768. 

Then the difference between Harm's refult and that of my deter- 

72 

ruinations is — . 

1 0000 

2jd Experiment. 

To the 1600 grs. of the laft mixture Hahn added 800 of water, 
and when the whole was cooled down to the temperature of the 
air he found the fp. grav. of the mixture 1,2439. Ibid. P* 5°« 

Application. 

This mixture weighed 2400 grs. and contained the fame quan- 
tity of real acid as the laft, namely, 628,56 grs. confequently 100 
grs. of it contained 26,19; this quantity of real acid is extratabu- 
lar ; the neareft tabular quantity of real acid is 25,89, which cor- 
refponds with the fp. grav. 1,2415 ; though this feems fufKciently 
near to Hahn's refult, yet I have found it more exaclly by the 
2d problem. Here D = 0,0095 and D' = 0,89 and a" = 0,3, then 

, r 1 j D d' . 0,0095 X 0,3 , , 

bv the formula a = ^ — we have ^— = 0,0032, and the 

J D 0,89 ° 

lower fp. grav. 1,2415 + 0,0032 = 1,2448, which differs from 

Hahn's refult by only — - — . 

1 0000 

Vol. VII. A a The 
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The 3 firft experiments of Hahn not perfectly agreeing with 
each other, and not having been made with equal accuracy, I 
omit. 

Morveaits Experiment on the Quantity of Real Acid in Vitriolic Acid y 
whofe Sp. Grav. was 1,841. 1 Encyclop. 592. 

He took 5.8 grs. vitriolic acid, whofe fp. grav. at 8°,5 Reaum. 
(= 51 ° Fahr.) was 1,841, and poured into it a folution of acetited 
barytes until a precipitate ceafed to appear. The precipitate 
wafhed and dried (by ignition as it would feem by what he adds 
in the 2d column of the above page) weighed 110,3 grs. 

Application^ 

Vitriolic acid, whofe fp. grav. at 51 of Fahr. is 1,841, would 
have its fp. grav. lowered to 1,838 at 6o° of Fahr. the degree for 
which my tables were formed, as I have fhewn in my remarks on 
the alteration by temperature. 

Now the fp. grav. 1,838 is intermediate between the tabular 
denfities 1.8306 and 1,8424, but nearer to this ; then by the firft 
problem its acid contents will be found to be 78,24 per cent, then 
if 100 grs. of vitriolic acid of this fp. grav. contain 78,24 per 
cent, real ncid, 58 fhopld contain 45,37 of real acid. But 110,3 
grs. of ignited barytes contain 36,76 real acid, allowing 100 grs. 
of fuch barytes to contain 33,33 per cent, the difference then be- 
tween 
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tween Mr. Morveau's refult and that of my calar 'i~n i« 9 Gt 
grs. ; the reafon, however, is obvious ; M >rveau employe u ..ix >i\ d 
barytes, this acid rendered part of the acid fulphureoua, ;ib i-. well 
known ; the fulphurcous acid does not decompofe aceti'ed barv rs 
per Bergman's table, his other experiments on the fulphureouu acid 
cannot therefore apply. 

Of the Table of Nitrous Acid. 

Though this acid was not exactly oxyginated and colourlefs, yet 
it was far from being fully de-oxyginated, but in that pale red Hate 
in which it commonly appears-, what changes the variety of oxygi- 
nations may produce I have not experienced ; the rcfults are not 
quite fo accurate as mod of thofe in the table of vitriolic acid, 
partly from the eruption of vapour during the weighing, and partly 
from the diforder the fumes caufe at long run in the fcales ; but 
the error in the quantity of real acid in ioo parts of the acid li- 
quor, no where, as far as I have had occafion to examine, amounts 
to i per cent, or at leaft does not exceed that amount ; the lower 
part of the table I found moft faulty, and have redified the 
errors to a great degree. 

Experiment iji. 

To 400 grs. of nitrous acid, whofe fp. grav. at 63° was 1 49<">5> 
Hahn added 200 of water, and when the whole was cooled down 
to 64 he found the fp. grav. to be 1,31 57. 

A a 2 Application. 
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application. 

The fp. grav. 1,4995 at 63 would be (by the table of variation 
already feen) 1,4995 + 00101 X 3 = 1,5025, which fcarcely dif- 
fers from 1,5070, a tabular number, which denotes the acid con- 
tents 68,39 — an ^ ^ I0 ° g rs - °f tn ^ s ac ^ liquor contain 68,39 rea ^ 
acid, 400 grs. contain 68,39 x 4 = 2 73'5^> an( * when 200 grs. 
of water were added, then 600 grs. contained 273,56, and confe- 
quently 100 grs. of the mixture contained 45,59, which indicates 
the tabular fp. grav. 1,3621, which at the temperature of 64 
would be 1,3581. 

This denfity differs much from that found by Hahn, being T 4|-, 
but that the error proceeds from his not having allowed fufficient 
time for the penetration of the water and acid, and from the lofs of 
acid by the heat excited will be feen in the examination of the 2d 
experiment. 

Experiment 2d. 

To the 600 grs. of the mixture of the laft experiment, whofe 
fp. grav. was by him 1,3157, and at 6o° would be 1,317, he added 
200 grs. of water, and found the fp. grav. of this laft mixture at 
64 , 1,2561, which at 6o° would be 1,2578, the heat excited 
amounted to 8o°. 

Application. 
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application. 

The fp. grav. 1,317 differs infenfibly from 1,316, which indi- 
cates the acidity 38,97 per cent, and if 100 grains contain 38,97: : 
600 fhould contain 233,82 (whereas we have already feen that 600 
contains 273,56) and when 200 grains more of water were added, 
then 800 fhould contain 233,82, and confequently 100 fhould 
contain 29,22 real acid, which indicates very nearly the fp. grav. 
of this 2d mixture to be 1,237, wfl i cn differs from Harm's refult 

__ j 2^7 20 

by — — by , a difference which, though confiderable, is 

0,020 J 1000 

by the half fmaller than that of the 1 ft experiment, as by the in- 
terval of time between the ill and 2d experiment the penetration 
of the 200 grains of water firft added had increafed. 

This calculation is grounded on Hahn's refults, which are erro- 
neous from want of reft and the efcape of vapours. We fhall now 
fee what the fp. grav. of this Iaft mixture fhould be, if both this 
and the former experiment were more accurately conducted, and 
the water fo gradually added that little or no heat would be gene- 
rated, on which principle my former calculation proceeded. This ex- 
periment may be confidered as a mixture of 600 grains of an acid 
liquor, wbofe fp. grav. fhould, by my table, be 1,3621, and whofe 
acid contents are 273,54 grains with 200 grains of water, and then 

800 



800 grains (the quantity of this 2d mixture) muft contain 273,54- 
grains of real acid, and confequently 100 grains of this new mix- 
ture contains 34,19 grains real acid, which indicates very near the 
fp. grav. 1,2779, which differs from Harm's refult by --—> being 
fo much hia;h r. 

But this fame experiment may alfo be considered as a mixture 
of 400 grains of the ftrong acid 1,5025 with 400 grains of water, 
then as the 400 grains acid liquor contains 273,56 grains real acid 
as already faid, 800 grains of the mixture (hould contain the fame 
quantity of real acid, and the fame fp. grav. would be found to 
refult as above. 

Experiment $d. 

In this experiment he added 2 parts water (fuppofe 200 grainc) 
to 1 part of the fp. of nitre 1,5025, much heat and copious red 
vapours were produced, infomuch that a few grains of the weight 
of the whole were loft (about 3 per cent.) and the fp. grav. was 
1,1723, the temperature is not mentioned, but it feems probable 
it was 64 , the temperature at which, he fays, the mixture was 
made, then at 6o° it would be 1,1740. 

Application. 

Hbre the 300 grains of mixed acid liquor contained 68.39 rea l 
acid, then 100 grains of it would contain 22,79, w'hich is in the 
table, and indicates the fp. grav. 1,1845, which exceeds Hahn's 

refult 
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refult by T ~^> a difference which evidently arifes partly from the 
efcape of the red vapours and partly from want of fufficient time 
for penetration ; it fhould however be remarked, that in large vef- 
fels there may fometimes be an increafe of weight from the ab- 
forption of oxygen by the nitrous air expelled by the generated 
heat. 

Experiment qtb. 

Mr. Richter (Stochymetrie, 3 theile, p. 9.) mixed fpirit of 
nitre, whofe fp. grav. was 1,5304 with water, in the proportion of 
100 parts of the acid with 342 ©f water, and found the fp. grav. 
of the mixture 1 ,123 ; the temperature is not mentioned. 

application. 

100 grains nitrous acid 1,530 contains by my table about 70 
grains real acid, and when mixed with 342 of water, 442 grains 
will then contain 70 real acid, and confequently 100 grains of the 
mixture will contain 15,83 of real acid, this quantity lies between 
the tabular acidities 16,17, and 15,44, and by the 2d problem it 
will be found to correfpond with the fp. grav. 1,120. 



Of 
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Of the Marine Acid. 

The mixtures of this acid and water are attended with little or 
no heat, and the fp. gravities are fuch as may be found by calcu- 
lation. See 33 Roz. 242. Mr. Berthollet, among his -experiments 
on oxyginated muriatic acid, Mem. Par. 1785, relates that having 
precipitated a folution of nitrated filver with 500 grains of common 
muriatic acid, whofe fp. grav. was 1,141, he obtained 547 grains 
of muriated filver, confequently 100 grains of this acid would 
have afforded 1 09,4 of muriated filver. Now, as we fhall hereafter 
fee, 100 grains of muriated filver contain 16,54 of real marine acid, 
therefore 109,4 grains of muriated filver fhould contain i8,02j 
and by my table 100 grains of the muriatic acid 1,1414 contain* 
18,57 of real acid. 



CHAP. 
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CHAP. II. 

ILLUSTRATION OF THE PROPORTION OF INGREDIENTS 
IN VITRIOLIC NEUTRAL SALTS. 

Before I treat of thefe falts it will be proper to notice the ftatc 
of each of their bafes. 

Of Vegetable Alkali or Tartarin. 

This alkali may be obtained in three ftates, the fully aerated 
and cryftallized, the imperfectly aerated or common mild tartarin, 
and the cauftic, which may alfo by particular proceffes be cryftal- 
lized. 

The fully aerated and cryftallized contains, by Mr. Pelletier, 
41 per cent, of alkali, 43 fixed air, and 16 water, 15 An. Chym. 
note, however, that even the cryftallized is not always fully aerated, 
I. Bergman, 16, 17. 

Common dry fait of tartar contains about 60 per cent, of alkali, 
28 or 30 of fixed air, with a few grains of Silex, vitriolated tarta- 
rin and argill ; common pot-afh generally contains alfo fome grains 
of vitriolated and muriated tartarin. 

Vol. VII, Bb Se&ion ift t 



t J 94 ] 

Scftion 1/7. 

VlTRIOLATEB TARTARIN. 

By my determinations, 86 grains purified and dry tartarin * were 
faturated by 130 grains of vitriolic acid, whofe fp. grav. at 6o° 
was 1,565. 

Now this fp. grav. indicates by the table 54,46 real acid; con- 
fequently 130 grains of it contained 70,79 real acid, and 86 tar- 
tarin + 70,79 real acid = 156,79 vitriolated tartarin. 

Hence 100 parts tartarin take up 82,48 of real vitriolic acid. 
And 100 parts real vitriolic acid take up 121,48 of tartarin. And 
100 grains tartar vitriolate contain 54,8 tartarin, and 45,2 of 
real vitriolic acid ; or in round numbers 55 tartarin, and 45 real 
acid ; or in the proportion of 1 r to 9. 

Experiment of Dr. Black. 

Since the publication of the above mentioned determinations, 
the highly delicate and accurate experiments of Dr. Black, under- 
taken with the view of afeertaining the contents of the Geyfer 
waters have appeared, with one of which I have compared the 

foregoing 

* By tartarin the mere c-uftic ftate is indicated ; when it contains fixed air I call 
it mild j or fully aerated, if it be faturated therewith. 
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foregoing determinations, and had the pleafure of finding an al- 
moin perfect coincidence See 3 Edinb. Tranf. p. 10 r, I02< 
Dr. Black to vitriolic acid whofe fp. grav at 6o° was 1,798, added 
100 times its weight of water, and found that 112 grs. of this 
dilute acid faturated exactly 1 gr. of tartarin. 

Application. 

To exclude fractions I fhall multiply Dr. Black's quantities by 
100 ; then if 200 grains of vitriolic acid 1,798 were diluted with 
20000 grains of water, his dilute acid would confift of 20200 
grains, 11 200 of fuch dilute acid would faturate 100 grains of 
tartarin. Now vitriolic acid 1,798 differs infenfibly from 1,7959 
which by my table contains 75 grains per cent, real acid. There- 
fore 1 1200 grains of fuch acid fo diluted would contain 83,16 
real acid, which differs from my determinations only by -,-— of & 
grain. 83,16 — 82,48 = 0,68. 

Hence we may find the fp. gravity and quantity of real acid 
in the fp. of vitriol employed by Wenzel, which it will be ufeful 
to know as he made feveral interefling experiments ; and thus 
alfo the accuracy of the table of vitriolic acid will be ftill far- 
ther confirmed. 

For this investigation he has furnifhed us with two data% 
1 ft, he tells us that his fp. of vitriol was formed of two parts of 

B b 2 highly 
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highly concentrated vitriolic acid and three parts water, and 2dly, 
that 240 grains of this fp. contained 75,75 of fuch acid as is 
found in ignited tartar vitriolate which is what I call real acid. 

Whence I deduce that \ of his fp. of vitriol confifted of the 
highly concentrated acid, and \ of water. Now 240 x \ — 96, 
therefore 96 grains of the concentrated acid contained 75,75 of 
real acid, then 100 grs. of it would contain 78,9, which quan- 
tity belongs to a fp grav. intermediate between the tabular den- 
fities 1,8542 and 1,847.4, and by the fecond problem will be found 
to be 1,8467, therefore when one part of it is mixed with 1 \ of 
water, or for inftance, when 100 grains of it are mixed with 
150 of water, (which is the fame as mixing two parts with three) 
the compound amounting to 250 grains contain 78,9 real acid, 
and iqo grains of this dilute acid contain 31,56 of real acid, a 
quantity which is extratabular, but belongs to a fp grav. which 
by the fecond problem will be found to be 1,2987. 

Therefore the fp. grav. of Wenzel's oil of vitriol is 1,8467 
containing 78,9 real acid per cent, and the fp grav. of his fpirit 
of vitriol was 1,2987, containing 31,56 percent real acid. — 261,976 
(262 gi * ; of his fpirit of vitriol would faturate 100 grs. of tartarin. 

rocc grains of Dr. Black's dilute vitriolic acid contained 7,425 
real acid. As 1 found it has lately been denied that vitriolated 

tartarin 
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tartarin contained 45 per cent, real vitriolic acid, I diflblved 
100 grains of it in fix ounces of water, and precipitated the acid 
by muriated barytes, the refulting barofelenite weighed after 
ignition 135,25, which proves as we fhall fhall prefently fee that 
the vitriolated tartarin contained 45,078 grains of real acid. 

SeElion $d. 

Of Soda and VitrJolated Soda, or Glauber. 

As foda may be had either chryftallized, efflorefced or defic- 
cated, it will be neceflary to examine the proportion of real al- 
kali in each, in order to find the proportion in neutralized com- 
pounds. 

1 ft. In its cryftaliized ftate even when recently formed, I 
found the proportion of its ingredients fomewhat variable, b ut 
in the greater number of experiments the cryftals being dried in 
filtering paper in a temperature not above 66°, and the air not 
much difpofed to give out moifture. I found 100 parts of the 
cryftals to contain 64 of water, 21,58 of real foda, and 14,42 of 
fixed air. 36 Grains therefore of aerated but deficcated foda are 
equal to 100 grains of the cryilallized, that is, contain the fame 
quantity of alkali. 



adly 
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sdly, In is fun ply cfHo re feed ftate the quantities are variable 
according to the more or lefs perfect elHorefcence, the ftate and 
temperature of the air. 

3dly, ioo parts foda fully aerated but thoroughly dejiccated in a heat 
fomewhat below ignition contains 59,86 alkali or mere foda, and 
40,05 of fixed air per cent, or nearly 60 of alkali, and 40 of fixed 
air. In the experiments in my former paper the foda was healed 
to ignition, and thus part of the fixed air was probably expelled, 
for I found only 36 per cent, of fixed air. 

Of Glauber.* 

By my determinations, 100 parts of foda (that is, mere foda, dry 
and free from fixed air) are faturated by 127,68 of real vitriolic acid. 
And 100 parts of real vitriolic acid are faturated by 78,32 of foda. 
Hence if Glauber contained no water, 100 parts of it would contain 
43 92 of foda and 56,08 of real vitriolic acid, or nearly -^foda and 
56 real acid; and this is the fiate of glauber thoroughly deilccated. 

But cryjlall'rzed Glauber contains a large proportion of water, 
for 100 parts of it lofe 58 by a heat fomewhat below ignition, 
therefore 42 parts only remain which contain alkali and acid in 
the proportion above mentioned of 44 to 56, that is, 18,48 of 
alkali and 23,52 of acid. 

• This f.vlt being long known by the name of Glauber's fait, I fhall (imply call 
Glauber, tins being fliorter, and ferving as a memorial of the antient denomination. 
It claims by the fame (but a much elder) title, as Scheehum and Wttherttt. 



I 
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Hence ift. 42 grains of deficcated Glauber arc equivalent to 
00 of the cryftallized. 



Hence 2dly, 100 grains deficcated Glauber fhould give, or are 
equivalent to, 238 of the cryftallized, that is, they contain the fame 
quantity of alkali and acid as 238 of the cryftallized. 

Hence 3dly, 100 grains of foda faturated with vitriolic acid 
fhould give 541 + of cryftallized Glauber, or 227 of deficcated 
Glauber, and 100 parts cryftallized foda fhould give 116,77 of cry- 
ftallized Glauber; or 49 deficcated Glauber, and 100 grains real 
vitriolic acid fhould give when faturated with foda (whether cry- 
ftallized or not) 425 + of cryftallized Glauber or 178,5 of deficcated*. 

But thefe quantities of deficcated or cryftallized fait are never 
exaBly obtained, on account of the lofs by evaporation, and of 
what remains in the mother liquor. 

Application. 

On the Proportions in aerated Soda. 

Experiment \fl. Dr. Black's. 3 Edinb. Tranf. 106. 

His quantities being fractionary to render the calculation clearer, 
I multiply all into 1000. 

He 
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He found 2380 grains cryftallized foda to contain 514 of mere 
cauftic alkali, then ico fhould contain 21,17 of alkali, which dif- 
fers from my refult by lefs than i a grain. Hence 21,17 grains of 
mere foda are equivalent to 100 grains of the cryftallized. 

Again, he found that 2380 grains of cryftallized foda Iofe by 
thorough deficcation 1523 grains, and confequently are reduced to 
857 grains, therefore 100 grains of the cryftallized are reduced to, 
and are equivalent, as to real alkaline contents, to 36 grains, lofing 
therefore 64 grains of mere water. 

And, laftly, he found that 857 grains of deficcated foda contain 
514 of mere cauftic foda, and confequently 100 grains of the de- 
ficcated contain nearly 60 of mere foda, and confequently 40 of 
fixed air. All thefe refults agree almoft exactly with mine. 

Experiment 2d. 1 Klaproth, 333. 

In his experiment 1000 grains of dry cryftallized foda loft when 
thoroughly deficcated in a fand-heat, 637 grains of water, confe- 
quently 100 fhould lofe 63,7, which fcarcely differs from Dr. 
Black's refult, then the dry refiduum amounts to 36,3 grains. 
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Of the Proportions in Glauber. 

\Jl Experiment. Dr. Black's, 3 Ed. Tranf. 106. 

514 grains of mere foda were faturated by 88180 of the dilute 
vitriolic acid before mentioned in treating of vitriolated tartarin. 



Application. 

Since 514 grains of mere cauftic foda require 88180 of the 
dilute acid, 100 grains of foda would require 171 5 5, and fince 
1000 grains of this acid contains 7,425 of real acid, 171 55 contains 
127,37 grains. A refult which differs from mine by lefs than -5- of 
a grain. 

id Experiment. 1 Klapr. 333. 

100 grains of the thoroughly deficcated foda above mentioned 
require for their faturation 382 of a dilute vitriolic acid, form- 
ed of a mixture of 1 part vitriolic acid, whofe fp. grav. was 1,850 
and 3 parts water, and the refulting neutral fait weighed 132,5 
grains. 

He alfo found that 1000 parts newly cryftallized Glauber, dried 
betwixt filtering paper, afforded by thorough deficcation in a fand- 
heat only 420 grains, and therefpre loft 580. 

Vol. VII. C c Application. 
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Application. 

The fp. grav. 1,850 is extratabular, lying between the tabular 
fp. gravities 1,8542 and 1,8424, but nearer to the former ; its acid 
contents are 79,14 per cent, then if 200 grains of this acid be di- 
luted with 3 times that weight of water, we (hall have 800 grains 
of a dilute acid, which will contain 79,14 x 1 — 158,28 grains of 
real acid ; then 382 grains (the quantity employed by Klaproth) 
contain 75,57 of real acid, now 100 grains of deficcated foda 
contain, as wc have feen, 60 of mere cauflic foda, and fince 100 
grains of mere foda require 127,68 for their faturation, 60 grains 
of fuch foda fhould require 76,60 ; the difference then between 
Klaproth's refult and my determination is only 1,03 grains. 

Lastly, it may naturally be expected, that the refulting neutral 
fait fhould amount to the joint weight of the real acid and mere 
alkali, and confequently fhould in this cafe weigh 75,57 + 60 
= 135,57 grains, which differs from Klaproth's refult only by 3,07 
grains, a lofs which may well be imputed to that which the fait 
fuffers by evaporation. 

These concordant experiments fully prove the accuracy of the 
table of vitriolic acid to a large extent, and of the proportion of in- 
gredients I have afligned to foda, vitriolate lartarin and Glauber $ 
for as Klaproth's experiments were made with an acid whofe fp. 

grav. 
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grav. was 1,850, Dr. Black's with an acid whofe fp. grav. was 
1,798, and mine with an acid whofe fp. grav. was 1,565, we may 
be afTured that to that extent (which includes 25 determinations) 
no material error exifts. 

We muft not however imagine, that all mineral alkali contains 
the fame proportion of ingredients as foda ; for the natural mineral 
alkali found in Africa, and called trona, contains a fomewhat larger 
proportion of fixed air and a much fmaller of water. 195,6 grains 
of trona, which Dr. Black had the goodnefs to fend me, were fa- 
turated by 260,5 of vitriolic acid 1,383, and gave out 66,5 grains 
of fixed air, therefore 100 grains of trona would require 133,18 of 
this acid for their faturation, and would lofe 34. grains of fixed 
air. 

Now this acid differs infenfibly from the tabular, whofe fp. 
grav. is 1,387, which contains 40,18 grains per cent, real acid, and 
therefore 133,18 grains of it contains 53,5 of real acid. But we 
have fhewn that 100 parts real vitriolic acid faturate 78,32 of mere 
mineral alkali, therefore 53,5 grains of this acid faturate 41,9 ; this 
therefore is the quantity contained in 100 grains of trona, then 
4 J >9 + 34 of fixed air = 75,9 and 1,8 grains of reddifh earth, con- 
fequently the remainder, that is 22,3 grains, were water. 

Here we fee the alkali takes up more fixed air than ufual, for 
fince ufually 60 of the alkali take up 40 of fixed air, 41,9 of the 

C c 2 pure 
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pure trona fhould take up but 27,91, or nearly 28, whereas here it 
takes up 34, which is owing to its retaining but a fmall portion of 
water during its cryflallization. 

Hence alfo we find the proportions in Mr. Keir's efHorefced but 
dry foda, for he tells us, that 100 grains of fuch foda were fatu rated 
by 90 grains of vitriolic acid, whofe fp* grav. was 1,800 ; now this 
acid differs infenfibly from the tabular, whofe fp. grav. is 1,807, 
which contains 75,89 real acid, confequently 90 grains of this acid 
contains 71,9 real acid; and fince 127,68 real vitriolic acid take up 
100 of mere foda, 71,9 fhould take up 56,31 ; and as 60 of mere 
foda take up 40 of fixed air, 56,31 fhould take up 37,53, the fum 
of both is 93,84, then the remainder of the 100, that is 6,16 
parts, are water, which remained as it was not dried by ignition. 

Mr. Keir alfo found that 100 parts of an impure Indian foffil 
alkali contained as much real alkali as 58,8 grains of the above 
efHorefced and dry foda, and were faturated by 53 grains of the 
vitriolic acid 1,800. Now, from the proportions above flated, it 
will be feen that 58,8 of his foda contain 33,11 of mere alkali, 
and that 53 grains of the acid contained 40,22 of real acid, and 
that thefe fhould faturate, and thereby indicate 31,5 of mere alkali, 
which differs from his refult by 1,61 grains^. 

Lastly, the proportions affigned to cryflallized tartarin and to 
cryftallized foda, and alfo the proportions of mere tartarin and 

mere 

* Tranf. of the Society of Arts and Manufactures. Vol. 6, p. 130, &c. 
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mere foda taken up by a given weight of real vitriolic acid, are 
confirmed by an experiment of Mr. Fourcroy's, 2 Ann. Chy. 289. 
for he found that the fame quantity of vitriolic acid which faturated 
193 grains of the cry ftalli zed foda alfo faturated 188 of cryftallized 
tartarin. Now I have afllgned 21,58 per cent, of mere alkali to 
cryftallized foda, therefore 193 grains of it contain 41,6, and as 
the cryftallized tartarin contains 41 per cent, of alkali, 188 grains 
of it contain 77. I have alfo fhewn that 100 grains real vitriolic 
add take up 78,32 of mere foda, and 121,48 of mere tartarin, 
then the harmony of thefe proportions with Fourcroy's experi- 
ments will thus appear: as 78,32. 121,48:: 41.76,36; the dif- 
ference between us is only 0,64 of a grain. 

SeEtion %d. 

Barolite and Baroselenite. 

100 parts barytic earth precipitated from its folution in acids by 
a mild alkali, whether fi^ed or volatile, and heated to gentle igni- 
tion, contains 78 or 79 parts of earth, 21 or 22 of fixed air, about 
1,5 are ftronthian earth, a quantity which in this cafe deferves 
little attention. See 1 Klapr 271. 2 Klapr. 82 and 86. 2 Chy. 
Ann. 1793, 196. 1 Chy. Ann. 1795, iti. Hence 100 grains 
barytic lime take up 28,2 of fixed air, and 100 grains of fixed 
air would precipitate 354,5 of barycic earth, and probably more, 
as the earth may not be faturated. 

Baroselenite 
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Baroselenite or Vitriolated Barytes. 

Barytic Solutions being the moft delicate tefl of vitriolic acid 
as yet known, the determination of the proportion of real vitriolic 
acid taken up in the artificial compound of both is of the greateft 
importance, and its agreement with the foregoing determinations 
will tend to their mutual eftablifhment. 

I have already mentioned that by real vitriolic acid I mean acid 
of fuch ftrength or concentration as cxifts in well-dried and neu- 
tralized vitriolated tartarin. If therefore I can ftiew in what pro- 
portion the acid contained in a given weight of this fait enters 
into the compofition of a given weight of thoroughly dried barofe- 
lenite, the proportion of real acid in this laft will of courfe be de- 
monstrated. Now this may very nearly be afcertained by the ex- 
periment of Dr. Withering, Phil. Tranf. 1784, p. 304. But firft 
I mull prcmifc that by the experiments of the moft accurate ana- 
lyfts, 100 parts barofelenite when fuificiently dried contain very 
nearly 33 of vitriolic acid. 

The refults obtained by Dr. Withering were as follow : 

1 ft. 480 grains of barofelenite being fufed with 960 of fait of 
tartar, 428 grains of the barofelenite were decompofed, End 52 
remained undecompofed. 

2dly. 
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2dly. The decompofed part neverthelefs weighed after decom- 
pofition only 360 grains. 

3ily. 300 grains of vitriolated tartarin were aifo obtained. 

In this experiment we are only to attend to the 428 grs. which 
were decompofed, as the 52 that efcaped decomposition were no 
way altered. 

In the firft place it is plain that the 428 grains that were de- 
compofed contained at leaft as much vitriolic acid as they im- 
parted to the alkali in forming 300 grains of vitriolated tartarin : 
Now 300 grains of vitriolated tartarin contain 45 x 3 = 1 35 of 
real vitriolic acid, therefore 4^8 grains of barofelenite contain 
at leaft 135 of real vitriolic acid, that is, 31,5 per cent a quan- 
tity that already approaches pretty nearly to the direct refults of 
moft analylts. But in the next place it is equally evident that 
the quantity of acid was greater than here dated, and the quan- 
tity of mere barytic earth much below 363 grains, the quantity 
exprefTed in the 2d refult ; for if this quantity were juft, the fum 
of its weight and of that of the acid would furpafs the weight 
of the decompofed part. As infiead of 428 the fum would 
amount to 360 + 135= 495, which is impoflible. 7 he truth 
then is, that thofe 360 grains of refiduary earth comprehend the 
weight not only of the mere earth, but alfo of the fixed air, 
which it had taken from the alkali in exchange for the acid it had 
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imparted to it; cdnfequently to find the true quantity of acid we 
muft find out how much of the refiduary 360 grains were mere 
earth, for by deducting this quantity from 428, the remainder 
will exprefs the quantity of acid in the 428 grains. 

Then let the quantity of earth in the 360 grains = #, and the 

quantity of fixed air = y, then x +j> = 360. and x: y:: 78: 

78 v 
21 * nearly 5 and therefore 21 x = 78^, and x = -^— =S then 

78 y 

y + — £ _ 260 x 21 = 7560, and 21 y + 78^ = 7560 or 99^ 

= 7560, and y = — — = 76,36 grains of fixed air 5 and deduct- 
ing this from 360, we have the quantity of mere earth = 360 
— 76,36 = 283,64; and deducting this quantity from 428, we 
have the quantity of vitriolic acid = 144,36 grains ; and laftly, 
if 428 barofelenite contain 144,36 of vitriolic acid, 100 grains 
barofelenite fliould contain 33,64. 

This laft quantity of acid fomewhat exceeds the ufual cente- 
nary proportion obtained by chymifts, yet I believe the faturating 

proportion of acid to be flill higher, for the following reafons : 

There are three ways of adding to each other an acid and earth or 
metal, the one by dropping the acid to be combined into the fo- 
lution of the earth in an acid to which the earth hath a weaker 
affinity, and the other by inferring the earth immediately into 

the 

* I fay 21 rather than 22, as Dr. Withering himfelf ftates it at 20,8. 
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the acid with which it is to be combined, or by dropping its fo- 
lutioa in a weaker acid into the acid with which it is intended 
to be combined. In the ift mode of combination the faturation 
is fcarce ever complete, becaufe the new compound in many cafes 
precipitates before it is fully faturated, and even though there 
fhould he an excefs of the acid to be combined in the liquor, yet 
the inferior part of the precipitate feldom receives it, being fhel- 
tered by the fuperior, and becaufe its affinity to its laft comple- 
ment of acid is much weaker than that to its mean proportion of 
acid. 

But in the 2d or 3d mode of addition, the earth being fur- 
rounded by the acid with which it is to be combined, and thus 
expofing a greater furface, takes up more of it and even fre- 
quently an excefs, as I have often experienced. 

This explains the difference which may be obferved in the ex- 
periments I mail now ftate : 

1 ft. Dr. Withering having made a folution of 100 parts native 
aerated barytes in muriatic acid, dropped vitriolic acid into it until 
a precipitation ceafed to appear ; this artificial barofelenite weighed 
117 grs. Phil. Tranf. ibid. 405. Now this native barytes con- 
tained but 78, 6 of pure barytic earth, as he had proved in a 
former experiment; therefore 78,6 of barytic earth took up as 
much real vitriolic acid as raifed its weight to 1 17 grs. namely 38,4 
grs. ; and if 1 17 grs. barofelenite contain 38,4 grs. of vitriolic acid, 
100 parts barofelenite muft contain 32,8. 

Vol. VII. D d So 
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So alfo Klaproth tells us, that a barofelenitc which he had formed 
by dropping vitriolic acid into a muriated folution of aerated ba- 
rytes contained barytic earth and acid nearly in the proportion of 
2 to i, confequently ioo parts of it contained 66,66 of earth and 
33,33 of real vitriolic acid. 2 Klapr. 72.* And p. 97 he tells us, 
he found the fame proportion in another experiment, as 1 26 barofe- 
lenite contained 42 of real acid. 

On the other hand, Fourcroy having diffolved 100 grs. native 
aerated barytes with the affiftance of heat in very dilute vitriolic 
acid, found it to afford 138 grs. of barofelenite, (inftead of 117 
which Dr. Withering had found by the ill method) and that the 
barytic earth had taken up 48 parts vitriolic acid. Now if 138 
parts brofelenite contain 48 of acid, 100 muft contain 34,78. 
4 Ann. Chym. 65. 

Klaproth found that 85,5 grs. vitriolic acid whofe fp. grav. 
was 4,850, entered into the composition of 194 grs. barofelenite, 
and by his own rule j of thefe 194 grs. were real acid = 64,66 ; 
therefore 100 grs. of barofelenite fhould contain 33,33 grs. real 
acid. 1 Klapr. 153. By my table, as already faid, 100 grs. vi- 
triolic acid, whofe fp. grav. is 1,850, contains 79,14 grs. real acid, 
therefore 85,5 grs. of this acid fhould contain 67,7 real acid, and if 

194. 

* The barofelenite in all thefe cafes was ignited, and he found that 1 85 grs. merely 
dried weighed after ignition 180, confequently 100 parts of the merely dry lofe about 
2,7 or a,8 by ignition. 
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194 grs. barofelenite contain 67,7, 100 grs. of the barofelenitc 
fhould contain 34,93, which differs from Klaproth's refults by 

Again, Dr. Black, in the analyfis of Geyfer Waters, p. 117, 
tells us that 1 70 grs. barofelenite contain as much acid as 100 of fully 
deficcated Glauber. Now I have already fhewn by my own experi- 
ments that 100 grs. of deficcated Glauber contain 56,08 of real vi- 
triolic acid, therefore 170 of barofelenite contain the fame quantity, 
and if fo, loo grs. barofelenite muft contain 32,98, very nearly 33, 
which we fee fcarcely differs from Klaproth's proportion, the quan- 
tity of real acid being computed from my table. 

Lastly, Klaproth found that 100 grs. of deficcated Glauber 
decompofed by acetited barytes gave 168 grs. of barofelenite. 
1 Klapr. 333. Then 168 grs. barofelenite contain 56,08 of real vi- 
triolic acid, and 100 fhould contain 33,38 of this acid. The con- 
fonance of thefe refults with my table may hereby be eafily„dif- 
cerned. In general then the quantity of real acid in any quan- 
tity of ignited barofelenite may be difcovered by dividing it by 3, 
it being ■*■ of the whole weight. 

Hence 100 parts barytic earth take up 50 of real vitriolic acid, 
and would give 150 of barofelenite. And 100 grs. real vitriolic 
acid take up 200 of barytic earth, and afford 300 of barofelenite. 

D d 2 SeEiion 
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SeSiou 4th. 

Aerated Stronthian. 

ioo parts native aerated ftronthian, or of the artificial furH- 
ciently dried, contain 31 of fixed air and 69 of earth. 

Hence the quantity of air in any given quantity is found by 
multiplying this quantity into 0,31, and the quantity of earth by 
multiplying it into 0,69 ; then 100 parts of this earth are faturated 
by 45 of fixed air, and 100 parts of fixed air by 222,5 of this 
earth. 

According to Dr. Hope, 100 grs. of cryftallized ftronthian 
lime contain 32 of earth and 68 of water. 

Lowitz found 100 grs. of the artificially aerated ftronthian to 
contain, when dried in heat, 32,5 per cent, of fixed air. 1 Chy. 
Ann. 1796. 128. 

Per Pellitier, 100 grs. native aerated ftronthian calcined with 
10 grs. charcoal loft only 28 grs. 21 Ann. Chy. 124. 

Vitriolated Stronthian. 

100 Parts vitriolated ftronthian contain 42 of real vitriolic acid, 
for this is the quantity which muriated barytes feparated from the 

tartarin 
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tartarin which decompofed ioo parts of vitriolated ftronthian, con- 
fequently the earthy part amounts to 58 grs. 2 Klap. 96, 97. 
Then 100 of this earth take up 72,41 of real vitriolic acid j and 
100 grs. real vitriolic acid would take up 138 of ftronthian earth. 

Sefiion ^tb. 

Aerated Lime and Selenite. 

In artificial aerated lime formed by precipitation, by foda or even 
by common tartarin, if added to excefs, the proportion of lime to 
fixed air is conftant, being as 55 of the lime to 45 of the air, that 
is, as 1 1 to 9, fo that the quantity of air being given that of the lime 
in the compound may be known ; and if the compound be free 
from any other ingredient, and heated to rednefs to free it from 
water, then its weight being given the quantity of lime it contains 
is found by multiplying it into 0,55, and the quantity of air by 
multiplying it into 0,45 ; but whether dry or not, the weight of the 
air being found, the weight of lime is found by the ift analogy. 

Mr. Bergman repeatedly afferts, that 100 grs. of calcareous 
fpar contain 55 of mere lime, ix of water, and only 34 of fixed 
air. It always gives me concern to find my refults different from 
thofe of this great man, but on this occafion I am happily able to 
detect the caufes of this difference. 
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i ft. He tells us that by flow folution of ioo grs. of the fpar in 
acids he found the lofs of weight to amount to 34 grs. only, though 
by applying a ftrong heat he found it to amount to 45. Hence he 
concludes that in folution the fixed air fingly was expelled, but 
that both fixed air and water were expelled by heat. Now to ob- 
tain a flow folution in acid he muft have ufed a very dilute acid, 
and have employed a very narrow mouthed veffel. In this cafe 
much of the fixed air is reabforbed by the folution, as daily expe- 
rience fhews, and thus muft have prevented his perceiving the real 
quantity of the air expelled from its combination with the earth. 

Again Lavoifier computes 100 grs. of chalk to have loft about 
34 grs. of air by folution in nitrous acid ; but this lofs he inferred 
not from a direct trial, but from the weight of the volume of air 
found by comparifon with that of common air, calculated accord- 
ing to Mr. De Luc's rules. This concurrence muft undoubtedly 
have confirmed Mr. Bergman in this erroneous eftimation. 

So alfo in natural lime-ftones, the quantity of fixed air being 
found that of the lime is in the above proportion, except in a few 
cafes where magnefia exifts in them or the lime not faturated. 
Hence 100 grains lime take up 81,81 of fixed air, but 100 grains 
of it are precipitated by fomewhat lefs. Klapreth eftimates the 
oroportion in this at 4 of fixed air to $ of lime. And 100 grains 
■> ud air faturate 122,24 of lime, but would precipitate 125. 

SeSlion 
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Sefffon 6tb. 

S E L E N I T E. 

There are two ways of combining vitriolic acid with lime and 
and fome other fubftances ; one by direft folution or addition of the 
balls unto perfect faturation, fo as no longer to difcolour the ufual 
tefts, the other by precipitation from another menftruurn j in this 
laft method the bafis takes up an excefs of acid, which as it is 
waflied off in other purfuits occafions no miftake, though it does 
in this.' -The ift experiment in my laft paper I followed the ift 
method, in it I found that 439 grains of a mixture of 225 grains 
of vitriolic acid whofe fp. grav. at 6o° was 1,5654, with 225 of 
water, faturated 152 grains of marble which contained (at the 
rate of 55 per cent.) 83,6 of lime By the table it appears, that 
the vitriolic acid before dilution contained 54,46 real acid, then 
439 of the dilute acid contained 1 19,5 of real acid, confequently 
83,6 of lime took up 1 19,5 of real vitriolic acid, therefore if the 
compound of both were free from water, we Ihould have its 
weight equal 83,6 + 1 19,54 = 203,14 nearly, and 100 parts of it 

would contain 41,15 lime and 58,84 of real acid. But unlefs 

the compound be expofed to a high heat this weight cannot be 
expected ; the refulting felenite will always retain a proportion of 
water, varying with the degree of heat to which it was expofed, 
and it is this that occafions the variety of determinations of the pro- 
portion 
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portion of ingredients in felcnitc, when, as in this experiment, 
its ingredients are directly combined ; yet the proportion taken 
from the quantity of precipitate is more fallacious, as will pre- 
fentlybe fliewn. 

In this direct experiment the quantity of felenite obtained 
after deficcation in a heat not exceeding 1 70?, amounted to 
237.25 grains, of thefe 203,14 were lime and real acid; the re- 
mainder then v : z 34,1 r were water; then by the rule of pro- 
portion 100 grains of this felenite fliould contain 14,38 of water, 
confequcntly 85,62 were lime and acid. And if 10c parts of fuch 
compound contain 41,15 of lime, as already feen, 85,62 mould 
contain 35,23, and deducting this from 85,62, we have 50,39 for 
the acid part, confequently the centenary proportion of ingredi- 
ents in felenite dried at about 165 is as follows: 

Real vitriolic acid - 5°>39 

Lime - 55,23 

Water - - 14*38 



100,00 



If the felenite were dried by mere expofure to the air, the 
quantity of water in 100 parts of the felenite would be greater, 
and that of the lime and acid fmaller, and if it were ignited the 
proportion of thefe laft would be greater, and that of the water 

fmaller, 
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fmaller, as is evident ; but by expofing any quantity of it to a 
ftrong red heat the water will, for the mod part at lead, be expelled, 
and the proportion of the other ingredients may be determined 
very nearly by the above analogy, if the felenite be faturate and 
free from foreign ingredients. 

The experiments I made in precipitating lime from the 
nitrous and marine acids by the vitriolic, and alfo by vitriolated 
tartarin, I found to be fallacious, as much of the felenite remains 
in folution in thefe acids, and confequently it is not poflible to 
limit or difcover the proper addition of the precipitant. Hence 
ioo grains lime take up 143 nearly of real vitriolic acid, and af- 
ford about 284 of felenite thus dried and formed. And 100 
grains real vitriolic acid take up nearly 70 of lime, and afford 
198 of felenite thus dried and formed. 

100 grains lime precipitated by vitriolic acid take about 15,8 
per cent, excefs of real acid, and vitriolated tartarin does not pre- 
cipitate the whole of it without repeated evaporations and addi- 
tions. 

Experiment iji. 1 Klaproth, 195. 

According to Klaproth 100 grs. of vitriolic acid, whofefp. grav. 
was 1,850 (neglecting he fays inlignificant fractions) were faturated 
by 55 of lime or 100 of aerated lime, and afforded 160 grs. 
felenite. 

Vol. VII. E e Application. 
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Application. 

loo grs. of the vitriolic acid 1,85c contain 79,14 grs. per cent. 

of real acid as already feen ; then if there were no water in the 

compound its weight would be 79,14 + 55= 134,14 grs. but he 

found the weight to be 160, then the difference or 160 — 134 muft 

be water = 26 grs. 

f 49,47 real vitriolic acid 

] 34,37 lime 
Then the centenary proportion was \ 162c water 

f— — ^ 
1 100,00 

This proportion we fee fcarpely differs from mine and therefore 

his felenite was probably cxpofed to nearly the fame heat. 



Experiment id. 2 Klaprotb, 1 24. 

In this experiment he tells us the felenite was heated to ignition', 
and confequently wc may fee the difference of proportion pro- 
duced by that heat. 38 grs. of it contained 14,75 of lime j the 
quantity of acid is not mentioned. 

Application. 
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Application. 

By his own proportion 14,75 ^ mc Should take up 21,22 of real 
acid, for as 55:79,14:: 14,75: 21,22 nearly, then 1745.4-21,22 
= 35 97j confequently the remainder v. z. 2 grs. were water, then 
the centenary proportion fhould be 

as 38 : 14.75 :: 100 to 38,81 lime 

38 : 21,22 : : 100 to 55^4 real acid 

then the remainder is 5,35 water 



100,00 



Experiment ^d. 1 Bergm. 135. 

Bergman's felenite is cryflallizcd and contains fo much water 
that it is plain he fuppofes it dried by mere expofure to the heat 
of the atmofphere. 

according to him 100 grs. contain 46 vitriolic acid 

32 lime 
22 water 

1 00 

Hence ift, we have the proportion of felenite dried in 3 dif- 
ferent degrees of heat, that of ignition, that of the atmofphere, 
and that between 130 and 170 . 

E e 1 idly. Wb 
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2<IIy. We may now explain and do juftice to the jirfl experiment 
ef Mr. Wenzel on this fubjed. He diflolved 240 grs. of clean oyftec 
fliells in his fpirit of nitre, and precipitated the lime contained in 
them by dilute vitriolic acid, he then evaporated the whole, firfl to 
drynefs and afterwards by gentle ignition to expel the excels of acid, 
and lattly expofed the felenitic mafs to a more intenfe heat for one 
hour, then weighing it in the fame veffel found the felenite to 
weigh 309,75 grs. 

Application. 

The 240 grs. of purified oyflcr fhells contained 126,72 grs. of 
lime, which I prove thus, he tells us p. ioi, that 81 grs. of the 
fame oyfler fhells gave out during folution 35 grs. of fixed air, 
confequently 100 grs. would give out 43,2 ; now we have already 
feen that 45 grains of fixed air denote the prefence of 55 of real 
calcareous earth in 100 parts aerated lime, therefore 43,2 denote 

52,8 of lime and therefore 240 parts of thefe fhells contained 

126,72. 

Now as to the acid, fince 100 parts lime take up 143 126,72 
fhould take up 181,20 and the felenite being fo ftrongly heated 
fhould weigh only the fum of both v. z : 18 r,20 + 1 26,72 = 307 92 
or 308, grains which wants only 1,75 of the weight found by 
Wenzel, this increafe found by him 1 impute to fome phofporated 
lime originally in the fhells, the acid of which was not expelled 
in the above experiment. 

Wenzel 
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Wenzel was fet aftray by his 2d experiment ; for having 
calcined 240 grains of his fhells for 4 hours he concluded they 
were wholly converted into lime and he found their weight 133,5, 
but here lay the miftake, he had no proof that 3 or 4 grains did not 
remain uncalcined, and the prcfcncc of phofphoratcd lime he did not 
fufpecl. In a third experiment he came very near the truth for he 
concluded the quantity of iime to be 1 15 grains, but the difference 
between this and 133,5 ^ e attributed to the cauflicum. 

SeHton 7. 

Of Magnesia and Ep^om. 

This earth maybe obtained in three 11. itos, c'tfhcxfuHy aerated^ 
and cry fldllized, and then from its s j ,rcat folubi'ity in w-itcr it may 
be called a <alt ; or imperfttliy aerated, fuch as common magnefia; or 
perfectly deaerated and freed from water by a white heat. 

The proportion of ingredients even in crjftallized magnefia 
are differently flared, probably fiom having undergone fome un- 
perceived efflorefence ; according to Fourcrov who frems to have 
beltowed mofl attention to this objeel, 100 parts cryftallized 
magnefia contain 50 fixed air 

25 magnefia 

25 water 

100 

hence 
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hence they lofc yt per cent, of their weight when ftrongly heated 
2 An. Chy. 297, 298. 

But according to 1 Bergm. 29 and 373, the chryftallized con- 
tains but 30 per cent, of fixed air, with whom Butini agrees, but 
he afterwards found even , common magnefia to contain a larger 
proportion, fee p. 23 and 146 of his treatife ; of the other ingre- 
dients neither mentions the proportion. 

In common magnefia the proportions arc, according to Bergman 

45 of earth 
25 fixed air 
30 of water 

1 00 

And according to Butini p. 146, 40,62 earth 

37,5 fixed air 
21,88 water 



100,00 



According to Fourcroy 100 parts of common magnefia 
contain 40 earth 

4S fixed air 
1 2 water 

100 
confequently they fhouldlofe 60 per cent in a white heat. 

Consequently 
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Consequently per Bergman ioo grs. common magnefia fhould 
lofe 55 per cent, in a ftrong heat, and per Butini it fhould lofe 
nearly 60, and with this determination two experiments of Klap- 
roth's agree. See 2 Klapr. 9 and 20 ; yet in another experiment 
the lofs was but T Vo» 2 Klap. 174. 

Hence we fee the proportions of air and water are variable, but 
the fum of both generally amounts to 55 per cent, at theleaft, and 
and hence I rate the mere earthy part in common magnefia at 45 
per cent, when by a ftrong heat lefs is found I believe the differ- 
ence to have been volatilized. The various proportions of fixed 
air arife from the various proportions of it contained in the dif- 
ferent precipitants ufed in obtaining magnefia. 

Note however, the water may gradually be expelled from 
common magnefia in a heat much below ignition. 

Epsom. 

In my former paper I have ftated that 35 grains of common 
magnefia, containing 15,75 °f merc earth, were faturated by 50 
grains of vitriolic acid, whofe fp. grav. was 1,5654, diluted with a 
large proportion of water, but containing, as appears by the table, 
27,23 real acid, and from this and a comparative experiment, I de- 
duced that 100 parts' of crystallized Epfom contained 17 of mere 

earth, 
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earth, 29,35 of real . vitriolic acid, and 53,65 of water, it was 
ftandard acid that I had before mentioned, but its quantity of real 
acid is as I now fiate it, as may be feen by calculation. 

Hence 100 parts perfectly deficcated Epfom fhould contain 
36,68 nearly of earth, and 63,32 nearly of real acid. 

And 100 grains mere magnefia take 172,64 real vitriolic acid, 
and fhould afford 590 nearly of cryftallized Epfom. 

And 100 parts real vitriolic acid fhould take up 57,92 of mag- 
nefia, and afford 340 nearly of cryftallized Epfom. 

According to Bergman 100 grains of magnefia take up 173 
of real vitriolic acid. 

According to Wenzel 100 grains magnefia take up 181,8 real 
acid, this arifes from his rating the mere earthy part of common 
magnefia at 41,2 per cent, which, as I think, arifes from volatili- 
zation of part of the magnefia. 

Experiment ift. Fourcroy, 2 An* Chy. 285,282. 

He found that cryftallized tartarin taken in the proportion of 
80 parts to 100 of cryftallized Epfom operate an almqfi total decom- 
pofition of the Epfom. 

Application. 
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Application. 

As ioo parts cryflallized tartarin contain, as already faid, 41 of 
vegetable alkali, 80 parts of it muft contain 32,8, but as 100 parts 
of this alkali take 82,48 of real vitriolic acid, 32,8 fhould take 
27,05, which is nearly the whole of what 100 parts of Epfom 
contain. 

Experiment 2d. Fourcroy, 2 An. Chy. 288. 

Crystallized foda, applied in the proportion of 108,8 to 
100 of cryftallized Epfom, perfectly decompofed the Epfom. 

Application. 

100 parts cryftallized foda contain, as already fhewn, 21,58 of 
mere alkali, confequently 108,8 parts contain 23,479. Now 100 
parts of this alkali take up 1 27,68 of real vitriolic acid ; there- 
fore 23,479 fhould take 29,97, which differs from the quantity 
of acid I have affigned to 1 00 parts cryftallized Epfom only by 
0,62 of a grain. 

Vol. VII. F f Se&ion 
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SeRion $tb. 

Alum. 

The combinations of argill with vitriolic acid are fb diverfi- 
fied, as Mr. Vauquelin has lately fliewn in a feries of curious 
and interefting experiments, that to afcertain the limits of each 
would require a particular examination which the generality of 
the prefent inquiry does not at prefent permit to enter into. 

The refult of my former effay was, that ioo parts alum con- 
tain 31,3+ of earth dried at 46 5 ; 17,66 of real vitriolic acid, 
and 5 1 of water ; but the acid contained in vitriolated tartarin, 
of which alum may contain 6 or 7 per cent, is not noticed ; but 
being counted the whole amounts to 20 per cent. 

The earth heated to ivhitenefs may be reduced to 18, or Hill 
fewer parts. Wenzel and others fay 11,7, and I believe this to 
be moft exact. 

Hi.nc e 100 grains burnt alum, that is alum from which its 
water was expelled, mould contain 35,4 of real acid. But the 
alums of different countries differ much. See Vauquelin in An. 
Chy. & Pref. to 1 Laborant. V1L 

StSHon 
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Seel ion yth. 
Vitriol of Iron. 

ioo parts of this vitriol newly cryftallized contain by my de- 
termination 28 calx of iron in the date of cethiops, equal nearly 
22 of metallic iron, 26 real vitriolic acid, 38 water of cryftal- 
lization, and 8 water of composition, that is which adheres to 
the acid. This determination I lately confirmed ; for from a fo- 
liation of 100 grains of this vitriol decompofed by muriated 
barytes I obtained 77,25 of ignited barofelenite, which at the 
rate of 33,3 per cent, contained 25,747 of real vitriolic acid. 

Hence 100 parts vitriol of iron calcined to rednefs contain 
41,93 of real acid, and 12,9 of water ; but the calx of iron will 
weigh more than 45, as it attracts oxygen during the calcina- 
tion. 

The water of composition is for the moft part expelled with 
the acid during diftillation. Then 22 grains metallic ironfhould 
afford 1 00 grains of cry ftallized vitriol •, and 100 grains of the 
beft iron would give 454,54 of vitriol. 

The vitriol above examined was of a full grafs green colour. I have 
met with another which is of a pale fea green colour, and con- 
tains much lefs acid, for 1 00 grains of it treated as above afforded 
only 56,7 of barofelenitej and confequently contained but 18,99 

of real acid. 

F f 2 SeFIio?i 
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Seftion \otb. 

Vitriol of Lead. 

By the experiments of Klaproth, ioo grains vitriol of lead 
mould contain about 7 1 of metallic lead ;* by thofe of Bergman 
and Wenzel nearly 70 ; but as the lead, being precipitated from 
the nitrous acid, is in a calcined Hate, we may add 4 of oxygen. 

Again, Wolfe found 120 grains vitriol of lead decompofed by 
tartarin to afford 65 of vitriolated tartarin; therefore 100 grains 
of this vitriol would afford 54,16 of vitriolated tartarin. Now 
this quantity of vitriolated tartarin contains 23,37 °^ rea ^ v *~ 
triolic acid; therefore juft fo much is contained in 100 grains of 
vitriol of lead. Phil. Tranf. 1779. and 10 Roz. 368. 

Hence the quantity of ingredients in 100 parts of this fait 
are 75 calx of lead, (=71 of metallic lead) 23,37 rea ^ vitriolic 
acid, and 1,63 water. 

Hence ioo grains metallic lead (with the addition of oxygen) take 
up 32^91 of real vitriolic acid, and afford J40 of vitriolated lead. 

And ioo parts real vitriolic acid, unite to 303,8 of metallic lead, 
(when calcined) and afford 425,49 of vitriol of lead. 

According 
* Sec 1 Klapr. p. 169, and 173 » and 2 Klapr. p. 219. 
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According to Bergman, 100 grains metallic lead would afford 
143 of vitriol of lead. 

According to Wenzel 143,33. 

According to Wolfe 137,5. ^ e precipitated the nitrous folu- 
tion of lead by vitriolated tartarin, and probably did not apply 
enough, or this fait did not difengagc the laft portions of the ni- 
trated lead, or fome part of the vitriol of lead remained in the ni- 
trous acid. This laft fuppofition is highly probable. 

Vitriol of Copper. 

100 grains of this fait, perfectly cryftallized, loft 28,5 by expo- 
fure to a heat of 370*. 

By precipitation with muriated barytes they afforded 91 of ig- 
nited barofelenite, and hence contain 28,5 of water of cryftalliza- 
tion and 30,33 of real vitriolic acid ; and confequently about 40 of 
calx of copper = 32 of metallic copper. 

Vitriol of Zinc 

100 grains of vitriol of zinc, cryftallized in needles, loft in a 
heat of 375 39 grains ; and 100 grains of the fame cr)ftals, being 
diflblved and treated wi.h muriated barytes, afforded 61,24 °f 
ignited barofelenite, and hence contain 20,414 grains of real vitrio- 
lic acid. 

CHAP. 
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CHAP. III. 

OF NITRO NEUTRAL SALTS. 

SeB'ton \Ji. 

Of Nitre. 

From the different rcfults of various experiments, I am led to 
think that ioo parts of cryftallized, but dry nitre, contain 51,8 
parts mere alkali, 44 of acid and 4 of water of composition. 

Hence ioo parts tartarin take up 84,96 of real acid with 8,1 of 
water, and would afford 193 + of dry nitre. 

And ioo grains real nitrous acid take up 117,7 °f tartarin, and 
would afford 227,24 of nitre, by reafon of 9,54 of water of compo- 
fition, which in this cafe accompanies the acid. 

This is the beft account I am at prefent enabled to give of nitre, 
the invefligation of the proportion of the acid contained in fp. of 
nitre, being attended with peculiar difficulties, as much as the 
acid efcapes, when, in its concentrated ftate, water is added to it, 
and fo much the more as it is more highly mephitized and the 

temperature 
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temperature higher. The more it is mephitized the more alkali it 
appears to faturate, but afterwards the fait extra&s oxygen from 
the air -, when melted it alfo lofes part of its oxygen and of its 
water of compofition, but in time feems to regain them. 

According to Wenzel, 83,5 parts tartarin were faturated by 
90 of his ftrongcft acid, and the compound heated to redncfs 
weighed 173,5. 

Then 100 grains tartarin fhould take up 107,78 of his ftrongeft 
acid (= 87,51 of my real acid; and afford 207,78 of dry nitre. 

And 100 parts nitre contain, by his account, 48,13 of alkali, 
and 51,87 of his ftrongeft acid, = 42,1 18 of my real acid. 

Accordinc to Bergman, 49 parts tartarin afford, when fa- 
turated with nitrous acid, Too parts nitre, confequently 100 parts 
tartarin would afford 204. 

Lavosier^ allows nearly 49 per cent, of alkali and 51 of acid 
(including water) to 100 grains of nitre. 

Berthollet, in the Memoirs of the Royal Academy for 1781, 
obferves, that 480 parts of nitre afford, by diftiilation, 714 cubic 
inches of fomewhat impure oxygen air, then 100 parts of nitre 

would 

* P. 157 of the Englifh Edition of his Elements »f Chymiftry. 
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would afford 148,7 (Englifh meafure), thefe at the rate of 33 per 
cent, would weigh 49,07 grains, including water loft, which dif- 
fers but little from my account. 

Kier found 22,5 grains dry nitre were faturated by 12,54 grains 
vitriolic acid, 1,844. Phil. Tranf. by my determination 22,5 grains 
nitre contain 11,655 g rams tartarin (for if 100 grains nitre contain 
51,81:22,5, 11,655) and 11,655 grains tartarin require 9,61 of 
real vitriolic acid for their faturation. 

Now the fp. grav. 1,844 is intermediate between the tabular 
gravities 1,8542 and 1,8424, but nearer to the latter; then by the 
1 ft problem its centenary acidity will be found to be 78,58, and 
if 100 grains of this acid contains 78,58 real acid, 12,54 ftiould 
contain 9,85, the difference is not quite i of a grain. Mr. Kier re- 
quired 12,54 of this acid, by my determination 12,23 are fufficient, 
the difference is not -i- of a grain. Phil. Tranf. 

Klaproth found 200 grains of Leucite, treated with marine 
acid, to afford 70 of muriated tartarin ; and that 300 of that ftone, 
treated with nitrous acid, afforded 123 of nitre. Now by Berg- 
man's calculation 100 grains muriated tartarin contains 61 of al- 
kali, therefore 70 grains fhould contain 42,7. 

Bv my calculation 100 grains muriated tartarin contains 64 of 
alkali, therefore 70 fhould contain 44,8 of alkali. 

Then 
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Then ioo grains Leucite fhould contain, per Bergman, 11,35, 
and by my calculation, 22,4. 

Br Bergman's calculation there is a deficit of 0,27 of a grain, 
and by mine an excefs of 0,77 of a grain. See 2 Klaproth, 50. 

But with rcfpect to nitre, my calculation has the advantage 
both over his and Wenzel's, for fince 300 grains Leucite afford 1 23 
of nitre, 100 grains of this ftone fhould afford 41. Then by Berg- 
man's account, 41 grains fhould contain 20,09 of alkali, which 
leaves a deficit of 2,16 grains; by my determination 41 grains of 
nitre contain 21,238, which leaves a deficit of only 1,012 grains: 

("Silex 53,50*1 Silex 53,50 
For the calculation ftands thus : ^ Argil 24,2 5 ^. Argill 24,2 5 

(/Tattarin 20,09 J Tartarin 21,238 

97,84 98,988 



Se&ion id. 

Nitrated Soda. 

In my former experiment 36,05 grains of mere foda were fa- 
turated by 145 of nitrous acid, whofe fp. grav. at 6o° was 
1,2574; this denfity is intermediate between the tabular fp. 

Vol. VH. G g gravities 
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gravities 1,2779 and 1,2687, but nearer to the former, and by 
the folution of the ift problem will be found to denote 33,8 
grains real acid ; consequently 145 grains of this liquor contained 
49 grains of real acid. The quantity of nitrated foda formed was 
found by a ft andard experiment to be 85,142 grains, which is 
very nearly the fum of the weights of the real acid and mere 
alkali, as 36,05 4- 49 = 85,05 ; this trifling difference may be 
water. 

Hence 100 parts deficcated nitrated foda mould contain 57,57 
real acid and 42,34 foda. 

Then 100 parts foda fhould take up 135,71 of real nitrous 
acid. And ico parts nitrous acid fhould take up 73,43 of foda. 

Surprised at finding no water in this neutral fait, I lately 
examined its compofition by my antient method. I diflblved 200 
grains of pure and well deficcated foda, and faturated the folu- 
tion with 1225 grains of dilute nitrous acid, of which i confifted 
of the concentrated acid 1.416, of which confequently 306,2 
were employed; the lofs of fixed air was 75 grains, and confe- 
quently the quantity of real alkali was 125 grains. 

The fp. grav. 1,416 lie* between the tabular gravities 1,417 
and 1,412, and by the folution of the ift problem its centenary 
quantity of acid will be found to be 53,53 ; and 100 grains of 

this 
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this acid liquor being diluted with 300 of water, then 400 grains 
of the dilute acid contain 53,53 real acid ; and confequently 1225 
grains of it contained 163,9 grains; tnis quantity therefore was 
taken up by 125 of foda; if therefore the fait thus formed con- 
tained no water the fum of both thefe quantities fhould exprefs its 
weight, namely, 163,9-1- I2 5— 288,9 grains; but having very 
gently evaporated the folution, namely, in a heat not exceeding 
i20°, and then drying the refiduum in a heat of 400° for fix 
hours, I found it to weigh in the evaporating difh (from which I 
could not feparate it without lofs) 308 grains, confequently thefe 
308 grains contained 19,1 of water, however it is evident that in 
a greater heat even thefe would be evaporated. 

And then very nearly the fame proportion of acid and alkali 
would be found as in the preceding experiment, for 308 — 19,1 
= 288,9, anc ^ if 288,9 grains contain 125 of alkali, 100 grains 
of the nitrated foda fhould contain 43,27, and confequently 
56,73 of acid; and allowing 19 grains of water in 308 of this 
fait dried at 400 , then 100 grains nitrated foda mould contain 
40,58 of foda, 53,21 of real nitrous acid, and 6,21 of water. 

And roo grains mere foda faturated with nitrous acid mould 
afford 246,42 of nitrated foda dried at that heat. And 100 grains 
real nitrous acid faturated by foda fhould give 188 nearly of ni- 
trated foda dried as above. 

G g 2 Bergman 
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Bergman, Vol. I. p. 20, allows to 100 parts foda very nearly 
the fame quantity of real nitrous acid as I .do, namely, 135,5 
parts. 

Having re-difTolved the above 308 grains and expofed the fb- 
lution to fpontaneous evaporation, I found the cryftals dried at 70* 
to weigh 317 grains; hence this fait contains 2,8 per cent, of 
water of cryftallization, but in a ftrong heat it would lofe much 
more. 

Though "Wenzel's determinations feemingly differ considerably 
from the foregoing, yet on a clofer infpec"lion the difference will 
be found not greater than the ufual imperfection of weights and 
weighing, and the varying nature of the acid may admit. 

He found 71,5 grains mere foda Saturated with nitrous acid to 
afford 190,75 of thoroughly deficcated nitrated foda, and hence 
concluded that it contained no water, and confequently 190,75 
grains of this fait to contain 71,75 of alkali and 119,25 of real 
acid. 

Hence 100 grains of this fait fhould contain 37,48 of alkali 
and 62,52 of acid; it is plain then that this acid contained the 
6,21 grains of water which I found in 100 parts of this fait, for 
if we add 6,21 to the quantity of acid I afcribe to 100 parts of 
this fait, we fhall find very nearly Wenzel's weight of acid, for 

53,21 +6,21 = 59,42. 

According 
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According to Wenzel, then, ioo grains mere foda take up 
166,7 °f tn ^ s aqueous acid, and mould afford 266 of nitrated 
foda thoroughly deficcated ; and 100 grains of the aqueous acid 
fhould take up 59,9 of foda. 

From the experiment on nitrated foda Wenzel deduces the 
ftrength of his fp. of nitre, which being the fame as he employed 
in his fubfequent numerous experiments it is important to dis- 
cover. 

As he faturated 71,5 grains foda with 347 grains of this fp. of 
nitre and found the foda to take up 119,25 of what he thought 
the ftrongeft nitrous acid, he concluded that 240 grains of it con- 
tained 82,5 of the ftrongeft acid, and confequently 100 grains of 
it fhould contain 34,375 of his ftrongeft acid. Now to compare 
the quantity of his real acid in his fp. of nitre with that which I 
judge his to poffefs, I muft obferve that to faturate 71,5 grains 
mere foda, 96,933 grains of my real acid would be requisite, and 
confequently that 347 grains of his fpirit of nitre contained no 
more ; therefore 240 grains of his fpirit of nitre contained but 
6^ 04 of my real acid, and 100 grains of it contained 28 of my 
real acid ; the difference is water contained in his ftrongeft acid. 
Then ioco grains of his ftrongeft acid is only equal to 812,6 of my 
real acid; the remainder v. z. 187,4 being water contained in his 
ftrongeft acid. 

Morveau 
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Morveau faturated 485 grains of cryftallized foda (= 104,66 
of mere foda) with 545 grains of fpirit of nitre, whofefp. grav. at 
4° of Reaumur (=41° of Fahrenheit) was 1,2247, wmcn at 6o° 
of Fahren. would be 1,219, and this by my calculation contains 
about 27,29 per cent, real acid; confequently 545 grains contained 
148,73; then 100 grains mere foda fhould take up 142 of real 
nitrous acid. 2d Old Mem. Dijon 184. 

Lavosier alfo faturated a given quantity of foda with nitrous 
acid, but as there was an excefs of acid no ftrefs can be laid on his 
experiment. 

I found nitrated foda to attract moifture in a moderate degree. 

Nitrated Barytes. 

As barylic earth cannot well be difTolved in nitrous acid without 
the affiftance of heat, I was obliged to attempt the analyfis of this 
fait by indirect methods, namely, precipitation by cryftallized 
foda and vitriolated tartarin. 

The foda I employed contained 15 per cent, of fixed air, and 
21,5 of mere alkali; and 100 grains of aerated barytes ignited 
contains about 21,5 of fixed air. 

Now I found that 100 grains of cryftallized nitrated barytes 
were precipitated by 105 nearly of this foda, and that the earth 

after 
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after edulcoration, deficcation and ignition, weighed 70,25 grains 
nearly ; but at the rate above-mentioned thefe 70,25 grains are re- 
ducible, deducting the fixed air to 55,10 of pure barytic earth. 

On the other hand 108 grains of cryftallized foda contain 23,22 
grains of mere foda, and thefe we have already feen are capable of 
taking up 31,41 of real nitrous acid, therefore by this experiment 
100 grains of cryftallized nitrated barytes contain 31,41 of acid 
and 55,10 of earth ; the remainder then is water of cryftallization, 

Again, 100 grains of cryftallized nitrated barytes were diflblved 
in 2400 of water, and precipitated by the gradual addition of a 
folution of vitriolated tartarin; the precipitate which was flowly 
and difficultly formed and collected weighed after ignition about 
88 grains; thefe (at the rate of 33,33 per cent.) contained 29,33 
of real vitriolic acid, and confequently 58,67 of mere earth. 

Taking a mean, then, of thefe two experiments, 100 grains of 
nitrated barytes contain 56,88 grains of mere earth. 

Lastly, 308 grains of native aerated barytes diffolved in 240 
of nitrous acid, whofe fp. grav. was 1,451, diluted with 5 times 
its weight of water in a gentle heat afforded 384 grains of cryftal- 
lized nitrated barytes, befides a fmall refiduum. 

Now 
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Now this acid contains 58 per cent, real acid, and confequently 
240 grains of it contained 139,2 of real acid ; and if 384 grains of 
the cryftals contain 139,2, then 100 grains fhould contain 36,25. 
But it muft be considered that fome was contained in the mother 
liquor, fome in the cryftals that were not wafhed, but dried on 
filtering paper, and fome was difperfed by the heat applied. 

This experiment alfo gives fome, though not an accurate in- 
formation of the proportion of earth in nitrated barytes, for 308 
grains of aerated barytes (at the rate of 21,5 per cent.) contain 
66,22 of fixed air, and confequently 241,78 of mere earth. Sup- 
pofing then 384 grains of nitrated barytes to contain this quantity 
of earth, 100 grains of this fait fhould contain 62. But this fup- 
pofition is inadmiffible by reafon of the loffes juft mentioned. 

Upon the whole we may ftate the centenary proportion of this 
fait at 57 of earth, 32 real acid, and 1 1 of water. 

Hence 100 grains barytic earth take up 56 of real nitrous acid, 
and fhould afford 175,43 of nitrated barytes. And 100 grains real 
nitrous acid fhould take up 178,1a grains of barytic earth, and 
fhould afford 312,5 of nitrated barytes. 

100 grains of this fait loft only i a grain of its weight by ex- 
pofure to a heat of 300 for half an hour. It is alfo difficultly 
foluble. Its folution when faturated does not redden Litmus. 

Nitrated 
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Nitrated Stronthian. 

ioo grains of perfectly cryftallized nitrated flronthian, duTolved 
in 480 of water, were precipitated by about 107 of cryftallized 
foda, containing 16 per cent, of fixed air and 21,5 of mere alkali, 
the precipitate, after ignition, weighed 53,25 grains, and contained 
17,04 of fixed air, and confequently 36,21 of mere earth. — Alfo 
the 107 grains of foda (at the rate of 21,5 per cent.) contained 
22,9 of mere alkali, which (at the rate of 135,71 percent.) took up 
31,07 of real nitrous acid ; then by this experiment 100 grains cry- 
ftallized nitrated flronthian contain 36,21 of earth, 31,07 of acid, 
and 32,72 of water. 

Then 100 grains of pure ftronthian earth take up 86 nearly of 
real nitrous acid, and fhould afford 276 of cryftallized, or about 92 
of thoroughly deficcated nitrated ftronthian. 

And loo grains real nitrous acid mould take up 116,5 °^ m ere 
ftronthian earth, and afford 321 of cryftallized, or 107 of thorough- 
ly deficcated nitrated ftronthian. 

Sefiion $d. 
Nitrated Lime. 

In my experiment 136 grains Carrara marble were faturated by 

400 of nitrous acid, whofe fp grav. was 1,2754, and which confe- 

Vol. VII. H h quently 
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quently contained (at the rate of 33,59 per cent.) 134,36 real acid. 
The 136 grains Carrara marble contained (at the rate of 55 per 
cent.) 74,8 of lime. 

Consequently 100 parts lime take up 179,5 of real nitrous 
acid, and 100 parts real nitrous acid take up 55,7 of lime. 

Lavosier diflblved 972 grains of flacked lime, dried in a heat 
of about 6oo°, in 3456 grains of nitrous acid, whofe fp. grav. was 
1,2989, and confequently contained (at the rate of 36,7 per cent.) 
1268 grains real acid ; from the 972 grains lime we muft deduct 
(at the rate of 28,7 per cent, water abforbed in the flacking) 
268,9 of water, and alfo 35 grains of fixed air, abforbed while 
flacking and drying, there remain then 668 of mere lime, and thefe 
took up 1268 of real acid, then 100 grains of lime would take up 
190 of real acid. 1 Lavofier, 198. Perhaps the difference arifes 
from my computing the quantity of real acid from a fpecific gra- 
vity taken at 6o°, whereas his might have been taken at a higher 
degree. 

Bergman found 100 grains of nitrated lime, well dried (that is 
dried in air) to contain 32 of lime ; by the above analogy the pro- 
portion of the other two ingredients may be found, fotfince 100 
parts lime take 179,5 °^ rea ^ ac 'd> 3 2 Ihould take 57,44, confe- 
quently the remainder, viz. 10,56 are water ; if the nitrated lime 
could be perfectly dried, it would contain about 36 per cent, of 
lime and 64 of real acid. 

According 
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According to Wenzel 122,66 grain* of lime take up 240 of 
Bis ftrongeft acid, confequently 100 of lime would take up 195)64 
effuchacid, but this quantity is equivalent to only 159 of my 
real acid, this difference I cannot account for. 



Scfiion ifthi 

Nitrated Magnesia. 

By my experiment 100 parts mere magnefia require 210 of real 
nitrous acid for their faturation. 

And 100 grains real nitrous acid take up 47,64 of mere magnefia. 
100 grains cryftallized nitrated magnefia contain 46 real acid, 22 
magnefia, and 32 of water, as I found. 

According to Wenzel 77 grains of the magnefia he employed 
contained: but 32,13 mere earth, and yet required 240 of his fp. of 
nitre for their faturation, which fp. of nitre, by my calculation, 
contained but 67,2 real acid, and confequently 100 grains mere 
magnefia would require 209 real nitrous acid $ by his own calcula- 
tion 240 of his fp. of nitre contained 82,5 of his ftrongeft nitrous 
acid, and confequently 100 grains mere magnefia fhould take up 
256 of fuch acid, = 207,87 of my real acid. 

H h 2 According 
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Accoruino to Fourcroy, 4 An. Chy. 214, 150 grains aerated 
magnefia, containing 48,66 per cent, mere magnelia, and confe- 
quently in all 73 grains, were faturated by 222 grains of nitrous 
acid, whofe fp. grav. appears to have been 1,5298, of which 100, 
by my table, contain 69,88 real acid, and confequently 222 con- 
tain 155 ; and if 73 grains mere magnefia take up 155 real acid, 
100 grains mere magnefia fhould take up 212. 



CHAP. 
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CHAP. IV. 

OF MURIATIC NEUTRAL SALTS. 

ScSlion \Ji. 

Of Muriated Tartarin. 

In my laft paper I have ftated that 86 grains of mere tar- 
tarin were faturated by 254 grains of muriatic acid, whofe 
fp. grav. at 6o Q was 1,1466 ; this is extratabular, but intermedi- 
ate between the tabulated fpecific gravities 1,147 and 1,1414, 
but nearer to the higher, and its centenary acid contents will 
be found by the ift problem to be 19,06; confequently 254 
grains of this acid liquor contained 48,412 real acid; the fum 
of the acid and alkaline parts then amounts to 48,412+ 86, 
= 134,412 of muriated tartarin; and fince 134,412 of this fait 
contained 86 of alkali, 100 parts of the dry fait fhould con- 
tain 64 nearly of tartarin, and the remainder or 36 parts are 
real marine acid. 

Hence 100 grains tartarin take up 56,3 of real marine acid, 
and fhould afford 156,3 of well dried muriated tartarin. And 
100 grains real marine acid fhould take up 177,6 of mere tartarin, 
and afford 277,6 of deficcated muriated tartarin. 

Wen z el 
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Wenzel found 83,5 grains of tartarin to afford him 149 of 
muriated tartarin, confequently 100 pares of this fait fhould 
contain 64,7 of alkali, and 35,3 of acid, and 100 parts tartarin 
fhould take up 54-.491 of real acid, and afford 154,491 of mu- 
riated tartarin, all which determinations differ very little from 
mine, and afford no inconfiderable proof of the accuracy of the 
table. 

Hence we may deduce the quantity of real acid in Wenzel'* 
fp. of fait and its fp. gravity. 

By his own account 202 grains of his fp. of fait contained 4^5 
of his ftrongeft acid, confequently 100 grains of it fhould contain 
22,52, and 240 grains of it 54, and its fp. gravity about 1,174. 

By my calculation 202 grains of his fp. of fait contained 46,44 
of my real acid, and 100 grains of it contained nearly 23 of my 
real acid, and 240 of it contained 55,17, and its fp. gravity 
fhould be about 1,176. 

Another proof of the accuracy of my determinations will 
be found in the 2d §. 

Klap roth's determination agrees fully with mine, for to 1 16 grs. 
of fylvian he afcribes 4 2 of concentrated muriatic acid, confe- 
quently 100 grains of fylvian fhould contain 36,2. 1 Klapr. 134. 

SeBion 
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Seffion id. 

Common Salt. 

It has been feen in my laft paper that 30,05 grains of mere 
foda were Saturated by 1 29 grains of muriatic acid or fp. of fait, 
whofe fp. gravity in the temperature of 6o° was 1,1355 ; this by 
the table contains about 17,5 real acid per cent, confequently 
129 grains of it contained 22,07 grains real acid, if therefore the 
neutral fait here formed contained nothing elfe but mere foda 
and real acid, its weight mould be 30,05 + 22,07 = 52,12. Yet 
by the laft experiment it appeared that the weight of the fait 
thus formed amounted to 56,74 gr. the furplus 4,62 grains muft 
therefore have been water, and fince 56,74. grains of common 
fait contain alkali, real acid and water in the above proportions, 
100 grains of common fait (well dried and deprived of the water 
interfperfed between its pores) muft contain 52,96 foda, 38,88 
real acid, and 8,16 water of compoution that always accompanies 
the acid when this fait is formed, and therefore muft in all other 
ways of examining the compoution of this fait, have been con- 
founded with it. In this fenfe therefore I may fay that 100 parts 
common fait contain in round numbers $3 parts alkali and 47 of 
acid. 

Hexce 100 parts mere foda take up 73,41 of real marine acid, 
or 88,74 of the aqueous acid, and then afford 188,74 of common 
fait. And 100 parts of the aqueous acid fhould take up 112,688 

of 
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of foda, and afford 212,688 of common fait, and 100 grains real 
marine acid mould take up 136,31 of foda, and afford 257,2 of 
common fait. 

1 00 grains of the aqueous acid contain 15,33 of water. 

According to Wenzel 131,5 of ignited common fait contain 
71,5 of alkali, and 60 of his flrongeft marine acid; confequently 
100 grains common fait mould contain 54,3 of alkali, and 45,7 
of that acid. And 100 parts mere foda fhould afford 184 nearly 
of ignited common fait. This ftatement differs very little from 
mine, and from Weigleb's ftill lefs, for he found 100 parts 
common fait to contain 53,5 of alkali, and 46,5 of acid, and 
100 parts foda fhould take up 87,5 of acid, and afford 187,5 °^ 
common fait. 

But Mr. Bergman's ftatement differs widely from the fore- 
going, both Wenzel and I have found the alkaline part to exceed 
the acid, he on the contrary found the acid to exceed by mach 
the alkaline, for to 1 00 parts common fait he affigns 52 of acid, 
6 of water and only 42 of alkali. From the great refpedl I have 
ever entertained for this excellent man, this circumi-taace always 
gave me much uneafinefs. To inveftigate the truth by dire3 ex- 
periment otherwife than was always done appeared difficult. I 
therefore endeavoured to difcover it by an indireft experiment, 
namely, by finding how much cauftic foda might be obtained 
from the decompofition of a given quantity of common fait, this 

decompofition 
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decompofition I efTecled by tartarin, but the exact fparation of 
the foda from the fylvian was fo difficult that 1 defpaired of ob- 
taining fatisfaction in that w y : luckily, however, a more pitii_i.it 
and fkilful experimenter, Mr. Hahneman has fince performed this 
experiment, and found that 1 1 parts mere tartarin were requifitc 
to feparate 7 of mere ibda from common fait* We may thec- 
fore now examine with which of the two oppofite ftatements this 
proportion is befl fuited. 

By my determination 7 grains foda enter Into the compofition 
of 13,21 of common fait, and this quantity of common fait 
contains alfo 5,13 grains real acid, which muff be taken up by 
the tartarin to fet the 7 grains of foda free. Now fince 100 parts 
tartarin take up $6,3 of real marine acid, 9,12 of tartarin fhould 
take up 5,12 of this acid, which falls fhort of llahneman's refult 
by 1,88 grains. But it is well known that fomewhat more of 
any divellent agent mud be applied to effect an intirc ftparation of 
any principle than would be necefTary to faturate that principle 
if it were in a free difengaged ftate. 

By Bergman's determination 7 grains of foda enter into the 
compofition of 16,66 of common fait, and this quantity of 
common fait contains alfo 8 of real marine acid, now, as ac- 
cording to him 100 parts tartarin take up 51,5 of the ftrongeU or 
real marine acid, 15,53 would be requifite to take up 8 of that 
acid, which exceeds Hahneman's refult by 4,53 grains, whereas 
by the above reafon it mould rather fall fhort of it. 

Vol. VII. I i But 

* a Chy. An. 1797, p. 396. 
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But there are two other experiments which fet the inaccuracy of 
his determination in a ftill clearer light, the one executed by 
Mr. Wolfe, aud the other by Dr. Black f. 

Mr. Wolfe found that 120 parts muriated filver or luna 
cornua, when decompofed by tartarin, afforded 55 grains of 
fylvian or muriated tartarin; thefe 55 grains therefore contained 
all ihe acid that exifted in 120 of muriated filver. Now Dr. Black 
found that 235 grains of muriated filver contain all the acid that 
exifts in 100 grains of common fait, and confequcntly 120 grains 
of the muriated filver contain all the acid that exifis in 51,06 of 
common fait, whence it follows that 55 grains of fylvian and 
51,06 of common fait contain the Jame quantity of acid \ fince the 
firft received and the latter gave out all the acid that exifts in 
120 parts muriated filver. 

We may now fee in which of the 2 different ftatcments this 
equality is found, or whether in neither or in both. 

lft. According to Bergman ico grains of muriated tartarin 
contain 31 of real acid, then 55 grains of that fait fhould contain 

Again, ico pnins of common fait contain by his flatement 
52 of real acid, then 51,06 of this fait fhould contain 27,55 ; thefe 
quantities are evidently very rlifiant from an equality. 

2d. 
f Phil. Tranf. 1776, p. 611. 3 Edinb. Tranf. 116. 
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ad. By my ftatements ioo parts fylvian contain 36 of real 
acid, then 55 parts of this fait fhould contain 19,8; alfo ioo parts 
common fait contain 38,88 real acid, then 51,06 parts of this fait 
fhould contain 19,85. 

SeSlion yi. 

MURIATED BARYTES. 

The proportion of ingredients in this fait may be inveftigated 
from the following facts : 

ift. Klaproth found that 73 grains of aerated native barytes 
(which contained an inconfiderable proportion of ftronthian) fa- 
turate 100 grains of muriatic acid, whofe fp. grav. was 1,140 di- 
luted with coo grains of water, and that 100 grains of aerated 
barytes contain 22 of fixed air, 2 Chy. An. 1793, p. 195 and 190, 
and 1 Klapr. 269, therefore 73 grains of aerated barytes contain 
56,94 of barytic lime. 

2dly, He found that 56,59 pure aerated barytes difTolved in this 
acid afforded 6850 of cryftallized muriated barytes. 2 Klapr. 84. 

Then ioo grains of aerated barytes, or 78 of mere baryfes, 
would give 21,04 of muriated barytes. And 100 grains of mere 
barytic earth fhould give 155 nearly of cryftallized muriated 

barytes. 

According to Fourcroy, 4 An. Chy. 71, 100 grains native 
barytes afford but 112 of deficcated muriated barytes; )et Pclle'ier 

I i 2 tells 
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tells us, that ioo grains native aerated barytes afforded him 138 of 
cryftallized muriated barytes, but moft probably it retained fome 
of the mother liquor. 

Hence I deduce, ift, that as 100 grains muriatic acid, 1,140 
contain 18,11 real acid, 56,94 of barytes took up that quantity. 

Consequently 100 grains mere barytic earth take up 31,8 of 
real marine acid, and afford 155 of cryftallized muriated barytes. 

And ioo grains real 'marine acid ftiould take up 314,46 of barytes. 

We may ahx> remark, that the muriatic acid whofe denfity is 
1,140, being mixed with twice its weight of water, will have its 
fp. grav. 1,0427 which is nearly the fame as that which Fourcroy 
found beft adapted to fuch folution, namely, 1,0347 '■> an ^ perhaps 
if the temperature were equal would approach each other ftill 
more nearly. It appears then that the real acid fhould be accom- 
panied with 16 times its weight of water. 

2dly, It follows, that 121,04 parts cryftallized muriated barytes 
contain 78 earth, 24,8 acid, and 18,24 water, confequently 100 
parts of the cryftallized fait contain 64,44 earth, 20.45 acid, and 
15,06 water. 

And 100 grains of the defecated contain about 70 of earth, 22 
of acid, and 8 of water. 

(Per 
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(Per Crawford, quoted by Schmeiffer in Phil. Tranf. 179, 421, 
muriated barytes is nearly as foluble in hot as in cold water, and 
three times lefs foluble than muriated ftronthian.) 

To confirm this conclusion I mull add, that having precipitated 
a folution of 100 grains of cryftallizcd muriated barytes by a 
folution of nitrated filver, I found the precipitate duly dried to 
weigh 118 grains, which as we fhall prefently fee argues the pre- 
fence of 19,51 of real marine acid. I alfo found that 100 parts 
muriated barytes expofed to a heat of 300 for two hours, loft 
16 grains of water of cryftallization, hence we may rate in round 
numbers the proportion of ingredients in this fait, at 64 of earth, 
20 of acid, and 16 water of cryftallization. 

Seftion Ajh. 
Muriated Stronthian. 

Klaproth obfervcd, that 55 grains of native mild ftronthian 
faturated 100 of marine acid, whofe fp. grav. was 1,140, this being 
diluted with 50 grains of water, 100 grains marine acid of this 
fp. grav. contain, computing from my table 18,11 grains of real 
acid, and 55 grains mild ftronthian, (at the rate of 69 per cent.) 
contain 37,95 of mere earth. 

Hence 
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Hence I conclude, that ioo grains mere flronthian earth take 
up 47,79 °f real acid (fince 37.95 take 18. n of real acid) and 
would afford, as we (hall prefcntly fee, 254.84 of cryftallized mu- 
riated flronthian, or 147*79 of deficcated flronthian*. 

And ioo grains real marine acid enter into the compofition of 
209 grains of deficcated flronthian, or of 360 of the cryftallized. 

Again, Dr. Hope found, that 100 grains cryftallized muriated 
flronthian contain 42 of water of cryjlallization, and confequently 
58 of deficcated which contain earth and acid in the proportion 
above mentioned (or 100 earth to 47,79 ac ^) tnat l% -> 39>H of 
earth and 18,76 of acid, this proportion agrees very exactly with 
that obferved by Pellitier-j-, for he found 100 grains of native ae- 
rated flronthian (which contain 69 of earth) to afford 176 of cry- 
ftallized muriated flronthian. 

And fince, in Dr. Hope's experiment, 39,24 of this earth af- 
forded 100 grains of muriated flronthian, 69 fhould afford 175,8. 
Some experiments however of Mr Lowitz vary considerably from 
the above ftatements, it app' ared to him that in muriated flron- 
thian the quantity of acid exceeded that of earth in the proportion 
of 54 to 46$; if fo, 100 grains of muriatic acid of the fp. grav. 
1,140 fliould contain 44,54 °^ rea ^ ac id> f° r '* t0 °k U P 37>95 of 

earth 

* 2Chy. An. 1793^. 194. \ 2iAn.Chy p. 128. % ift.Chy. An. 1796^, 128, 129. 
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earth in Klaproth's experiment already quoted, which is incon- 
fiftent with the proportion of real acid. I have found in muriatic 
acid in a multitude of experiments, and contrary to all analogy, 
as we fee that by barytes and fixed alkalis betwixt which this earth 
undoubtedly ftands, take up lefs than their own weight of real 
marine acid : it is alfo contradicted by Pellitier's experiment, for 
fince ioo grains native aerated ftronthian contain 69 of earth, 
thefe at the rate of 46 to 54 fhould take up 80 grains of real mu- 
riatic acid, and the fum of both would be 149 grains: and fince 
by Dr. Hope's experiment 58 grains of united earth and acid take 
42 grains of water of cryftallization, 149 grains fhould take 
107; and hence inftead of 176 grains of cryftallized muriated 
ftronthian we fhould have 256 grains from 100 of aerated llron- 
thian. 

Klaproth informs us, that from a folution of 100 grains of 
aerated ftronthian in muriatic, precipitated by the addition of con- 
centrated vitriolic acid, as long as any precipitate appeared, he ob- 
tained no more than 114 grains of vitriolated ftronthian, and that 
dried only in air* ; whereas the precipitate fhould amount, if the 
whole of it were obtained, to 118 grains ; for fince 58 grains of 
this earth, as he elfewhere relates, f afford 100 of vitriolated 
ftronthian, 69 fhould aftbrd 118; it is plain therefore that the ma- 
rine 
* 2 Chy. An. 1793, p. 200. f 2 Klapr. p. 97. 



[ *5<5 ] 

rine acid retained fome, or that a fuflicicncy of the vitriolic acid 
was not added. This earth is not therefore a proper tefl: of vi- 
triolic acid, at lcafl not as proper as the barytic. 

To obtain a lefs circuitous proof of the proportion of ingredi- 
ents in ioo parts of this fait, . I precipitated a folution of ioo grs. 
of cryflallized muriated ftronthian by mild foda ; the precipitate 
after ignition weighed 56,75 grains, but thefe being difTolved in 
marine acid gave out 17 grains of fixed air, and therefore contained 
only 39,75 of mere earth. 

2dly. I precipitated a folution of another 100 grains of this 
cryflallized fait by a folution of nitrated filver, and found the pre- 
cipitate duly dried to weigh no grains, a weight which indicates 
the prefence of 18,19 grains real marine acid. The weight of the 
3d ingredient, namely water, muft therefore amount to 42,06 
grains nearly, as Dr. Hope has ftated. 

Hence we may rate the proportion of ingredients in 100 parts 
of this fait at 40 of earth, 18 of acid, and 42 of water. And to 
100 parts of the deiiccated fait we may allow about 69 of earth 
and 31 of acid. 

Hence ioo parts Jlronthian earth take up 45 or more, exa-^Iy 
46 of real marine acid, and mould afford 250 of cryflallized, or 
145 of deficcated muriated flronthian. And 100 parts real marine 

acid 
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acid (hould take 222, or more exactly 216,21 of ftronthian earth, 
and afford §40 of cryftallized, or 313,5 deficcated muriated ftron- 
thian. 



Sc&ion 5//&. 

Muriated Lime. 

In my experiment already mentioned 1 58 grains of powdered 
Carrara marble were faturated by 402 of muriatic acid, whofe 
fp. grav. was 1,1355, which contained 17,5 percent, real acid; 
therefore 402 grains of it contained 70,55 real acid. The 158 
grains marble (at the rate of 53 per cent.) contained 83,74 of 
lime. Then 83,74 grains lime took up 70,55 of real marine 
acid. To effect a faturation a heat of 160° was employed to- 
wards the end of the folution. 

Hesce 100 grains of lime would faturate 84,488 of real marine 
acid. And 1 00 grains real marine acid would faturate 118,3 °^ 
lime. 

In Wenzel's experiment the acid was not faturated, and hence 
the refult differs from that of mine. To 240 grains of his fp. of 
fait he added 120 grains of fragments of purified oyfter-fhells 
(which, as we have already feen in treating of felenite, con- 
tained 52,8 per cent, of lime,) and at the latter end expofed them 
Vol. VII. K k to 
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to a gentle heat, and when no fenfible folution appeared he fepa- 
rated what remained undiflblvcd, and found that after waihing 
and drying it, it weighed 19,625 grains; hence he concluded 
that 100,375 grains of thefe fhells were diffolved; but then he 
had no reafon to think the acid was faturated, or that in a longer 
time it would not take up more, efpecially as the fhells were not 
in a fine powder, nor did he apply any teft as I did. Having eva- 
porated the folution to drynefs and heated the dry mafs to fufion, 
he found it to weigh whilft ftill red hot 106,125 grains. 

This fhews the folution not to have been faturated, for 
100,375 grains of the (hells contained 53 of lime, and the 240 
grains fp. of fait contain 54 of real acid by his own account ; 
therefore, as faturated muriated lime lofes no acid in a melting 
heat, the fait fhould weigh even by his eflimation 107 grains, 
and by my calculation 1 1 2 grains ; the remainder therefore of 
the unfaturated acid was expelled by the heat of fufion. 

According to him 100 grains lime fhould take up 102 grains 
of the ftrongeft marine acid. 

It mufl be remarked, alfo, that this fait though in a melting 
heat ftill retains fome water, and Wenzel's experiment fhews how 
much •, for by my determination 53 grains lime take up only 
44,75 of real acid ; and the fum of the ingredients in Wenzel's 
experiment amounts only to 97,75 grains ; yet he found the weight 
106,125 ; then 8,375 grains were water. 

Then 
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Then ioo grains muriated lime, weighed red hot, contain nearly 
50 of lime, 42 of acid and 8 water. 

Bergman agrees with me fo far as Hating the proportion of 
lime in this fait to be fuperior to that of acid; to 100 parts of 
tKis fait he affigns 44 of lime and 31 of acid, but the proportion 
of acid is higher, for to 44 of lime 37 of acid appertains, by the 
proportion above ftated then that of water is 19. 

Note. His fait was weighed at far a lower temperature than 
Wenzel's, and hence the quantities but not the proportions in 100 
grains of it are altered, as it powerfully attracts water. 

Sefition dth. 

Muriated Magnesia. 

The proportions of acid and bafis in this fait are difficultly deter- 
mined, as it powerfully attracts moifture and eafily lofes its acid 
if ftrongly heated, and without fuch heat will retain much water. 

In my experiments it appeared that 100 grains mere magnefia 
took up 21 5,8 of flandard, or 1 1 1,35 of real marine acid. 

And ioo grains real marine acid take up 89,8 of mere mag- 
nefia. 

K k 2 Klaproth 
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Klaproth * found 420 grains of muriated magncfia evaporated 
to drynefs to contain 290 of magnefia ; as it was precipitated by 
foda he probably meant mild magnefia, which generally contains 
but 0,45 of earth ; if fo, 290 contained but 130,5 of mere mag- 
nefia ; confequently 100 grains of muriated magnefia gently but 
fenfibly dried fhould contain 31,07 mere magnefia, and this by my 
computation fhould take up 34,59 of real acid. The remainder is 
therefore water. 

Wenzel's experiments accord with mine with refpect to the fu- 
periority of the proportion of earth to that of acid in a given 
weight of muriated magnefia. According to him 100 grains of 
mere magnefia take up 122 of real marine acid; but by my com- 
putation of the quantity of real acid in his fp. of fait, v. z. 23 
per cent, allowing his mild magnefia 45 per cent, of earth, 100 
grains of it fhould take up 1 15,8 real muriatic acid. 

Bergman's refults differ from thefe very widely, for according 
to him 41 grains mere magnefia take up only 34 of the ftrongeft 
marine acid. 

Se&ion. 
* 1 Klapr. 369. 
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SeElion 'jtb. 

Muriated Silver. 

It is now well known from the experiments of MargrafF, Berg- 
man, Klaproth, Wolfe, Wenzel, &c. to which I need not add my 
own, that ioo grains of muriated filver contain very nearly 75 of 
filver when dried in a heat of 8o°, or 75,235 when heated more 
but not fufed, as in Wenzel's and Wolfe's experiments ; but it muft 
not be inferred that the remaining 25 grains are mere marine acid, 
for filver diflblved in nitrous acid takes up 10,8 per cent, of oxygen ; 
therefore 75 giains of it take up 8,1, which fubflracled from 25, 
leaves the quantity of acid 16,9; or if the muriated filver were 
much heated, the acid and oxygen would amount only to 24,76 ; 
and deducling the oxygen, the acid fingly would be 16,6 grains; 
this agrees exactly with Wolfe's experiment, for he found as ai- 
re ady faid that 120 grains of this metallic fait decompofed by tar- 
tarin afford 55 of muriated tartarin. Now 120 grains contain by 
this computation 19,92 of real acid; and as ico grains muriated 
tartarin contain 36 of real acid, 55 grains of it fhould contain 
19,8 -, the difference is infignificant. 

Hence ioo grains filver take up 22,133 of real marine acid, 
and afford 133 of muriated filver by the addition of oxygen. 

And ioo grains real marine acid unite to 451,87 of filver, and 
afford 602,4 of muriated filver. 

100 
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ioo grains pure cryftallizcd common fait pjccipitate from a folu- 
tion of nitrated filver 233,5 grains of muriated filver by Klaproth's, 
235 by Dr. Black's, and 237 by Arrhenius's experiments*; Dr. 
Black's is a medium between both ; the difference arifes only from 
the degree of deficcation. 

100 grains of muriated tartarin fhould produce 216,86 of mu- 
riated filver. 

ScEtion Bib. 

Muriated Lead. 

This fait may be obtained in two ftates, either in acicular cryf- 
tals or thoroughly deficcated. The proportion of ingredients in 
each I deduce from the following facts : 

ift. Klaproth having diflblved 100 grains lead in dilute 
nitrous acid, and precipitated the lead by cauftic tartarin, 
found the precipitate fharply dried until it began to grow yellow, 
to weigh 1 1 5 grains. 1 Klaproth, 274. 

2d. Having precipitated a folution of 100 grains of lead in 
nitrous acid by dropping muriatic acid as long as any precipitate 
appeared, and evaporated the whole to drynefs in a fand heat, he 
found the muriated lead to weigh 133 grains. Ibid. 

3d. 

* Mem. Stock. 1785. 
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3d. Hi alfo found that 22,5 grains of cryftallized acicular 
muriated lead, well drained and dried by expofure to the air, 
contained 16 grains of metallic lead, therefore 100 grains of fuch 
cryftals fhould afford 71,11 of metallic lead. 

First, to thefe fadts I muft farther add, that in muriated lead, 
whether cryftallized or deficcated, the lead is in a calcined ftate. 

Hence I infer, that fince 100 grains of metallic lead give 133 
of calx of lead, the 71,11 grains of metallic lead in 100 parts 
cryftallized muriated lead amount to 81,77 of calx of lead. The 
calx, including not only the metallic lead, but alfo oxygen and 
water, as we fhall prefently fee ; the remainder therefore is real 
marine acid, amounting to 1 8,23 grains. 

Again, as 133 grains of the thoroughly deficcated muriated 
lead contain 100 of metallic lead, 100 grains of this muriated 
lead muft contain 75,12, but 75,12 metallic lead form 83 of 
calx; the remainder therefore muft be real marine acid = 17 
grains. 

These conclufions are farther confirmed by the experiment of 
Mr. Wolfe. Phil. Tranf. and 10 Roz. 370. Having decom- 
pofed 120 grains of muriated lead dried by expofure to the air 
by a fufficient quantity of tartarin, he found them to produce 61 
grains of muriated tartarin. Therefore both the 1 20 grains mu- 
riated 
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riated lead and the 6 1 grains of muriated tartarin (hould contain 
the fame quantity of real marine acid. Now if ioo grains mu- 
riated lead dried in air contain 18,23 rea l acid, 120 grains of it 
fhould contain 21,87 real acid. 

And fince 100 grains muriated tartarin contain by my former 
determination 36 grains real acid, 61 grains of this fait ihould 
contain 21,96 ; the difference is only 0,09 of a grain. 

As to the 115 grains calx of lead produced in the precipitation 
of a folution of 100 grains of lead in nitrous acid by cauftic 
tartarin, I have already fhewn in the 2d vol. of my Mineralogy, 
p. 497, that" 100 parts lead, when diffolved in nitrous acid, take 
up 5,8 of oxygen*, therefore the remainder is water, = 9,2 
grains. 

Hence too parts metallic lead take up about 25,63 of real ma- 
rine acid, and afford 140,62 of cryftallized muriated lead, or 
133,12 of the deficcated. 

And ico grains real marine acid unite to 394,06 of metallic 
lead, and afford 548,64 of cryftallized muriated lead. 

And 

* Fourcroy, 2 An. Chy. 213, ftates the quantity of oxygen at 12,5 in 100 of 
muriated lead, but this is contradi&ed by the experiment of Mr. Wolfe, &c. He 
moft probably means the muriated lead formed in the folution of a calciform ore. 
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And roo parts cryftallized muriated lead contain 81,77 calx of 
lead (= 71,1 1. metallic lead,) and 18,23 °f rea ^ marine acid. 

And 100 grains thoroughly deficcated muriated lead contain 
$3 calx of lead (= 75,12 metallic lead,) and 17 of real marine 
acid. 

According to Wenzel, 100 grains metallic lead mould afford 
137,5 °f deficcated muriated leadj he probably dried it fome- 
what lefs than Klaproth had done. The proportions of lead and 
acid he could not well determine, the exiftence and proportion of 
oxygen not being known when he wrote. 

Note. The quantity of metallic lead obtained from 100 parts 
cryftallized muriated lead by fufion with black flux is much 
fmallerthan that above ftated. (fee 1 Klapr. 171,) as much is 
retained by that flux. Yet fee 3 Weftrumb. Phyfical and Chem. 
Abhandl. 383. 

Of Aerated Vol-Alkali and Ammoniacal Salts. 

The former experiments which I made with a view of afcertain- 
ing the proportion of ingredients in thefe falts were defective in 
feveral refpe&s : 

Vol, VII. L 1 tit 
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1 ft. FbR want of a due eftimate of the quantity of mere vol- 
alkali in a given quantity of aerated alkali, the fubftanee to be fa- 
turated with the three other mineral acids. Dr. Prieftly's experi- 
ments, the balis of the eftimate I then formed, not exhibiting the 
temperature and preffure of the atmofphere when the volumes of 
fixed and alkaline airs were combined, afforded an opportunity for 
forming rather an approximation than an accurate determination of 
their feveral weights. 

2d. I was not then aware of the difficulty of finding the exact 
point of faturation of the aerated vol-alkali with the mineral acids ; 
a difficulty however mentioned by Macquer *, and fo great that 
Du Hamel judged it impoflible to vanquifh it f . Wenzel very fa- 
gacioufly abforbed the excefs of acid by oyfter fhells, but in my 
mode of experimenting this teft could not be applied ; hence there 
was an excefs of acid in all of them. Thefe errors induced me to 
analyze rather than compofe thefe falts. 

Of Aerated Voi.-Ai.kali. 

By diflilling 100 grains of aerated vol-alkali with 300 of dry 
flacked lime in a pneumatic apparatus and a fand heat I obtained 
129 cubic inches of alkaline air, barometer 30,2, and thermometer 

at 

* Macquer's Elem. 389, Englifli. f Mem. Par. 1735, p. 664, in *vo. 
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at a medium 62,5. 100 grains of alkaline air weigh 18,16 grains, 
as I have (hewn in a former treatife, barometer 30, thermometer 
61. Then at that barometrical height 129 cubic inches would be- 
come 130 ; but as the heat in the prefent experiment exceeded 61, 
the expanfion refulting from it muft be fubftra&ed ; and according 
to Mr. Morveau, 2 An. Chy. a volume of this air at 32 being 
taken as 1 becomes at 77 1,2791, and confequently gains 0,0062 
by each intermediate degree, confequently the volume of this 
would at 61 be only 129,1 ; its weight therefore is nearly 24. 
grains. This fait contained 5 2 per cent, of fixed air, confequently 
its ingredients were 52 grains fixed air, 24 of mere alkali, and 
24 of water. 

The proportion of vol-alkali in aerated vol-alkalis vary, incrcafing 
or decreasing with the proportion of fixed air they contain. 

Mr. Cavendish in the Philofophical Tranf. for 1766, p. 169. 
found that 1643 grains of aerated vol-alkali, containing 53,8 per 
cent, of fixed air, faturated the fame quantity of marine acid as 
1680 of another parcel, which contained but 52,8 per cent, of 
fixed air. 

Hence the quantities of mere alkali in each were reciprocally as 
1680 to 1643, and thefe are nearly to each other as 53,8 to 52,8; 
and as the aerated vol-alkali that contained 52,8 per cent, of fixed 
air contained 24 per cent, of mere vol-alkali ; that which contained 
§3,8 per cent, of fixed air fliould have contained 24,83 per cent. 

L 1 2 Hince 
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Hence the proportion o/Jixed air in aerated voUalkalis is to that of 
mere alkali in thofe falts as i 3 to 6, and the remainder is water 
of compofition. 

Wen z el, p. 100, alfo perceived that the proportion of mere 
alkali in aerated vol-alkali was very fmall, and ftates it nearly as 
low as I do; for to 240 grains of this fait, containing 53,75 per 
cent, of fixed air he afcribes 129 of fixed air, 31,125 of water, and 
confequently 79,875 of mere alkali. Hence 100 grains fhould 
contain 53,75 fixed air, 33,28 of alkali and 12,97 of water. 



Common Sal Ammoniac 

By diftilling in a pneumatic apparatus and a fand heat, 100 grains 
of fublimed fal ammoniac and 300 grains of quick lime, I found 
it to yield as much alkalinp air as amounted to 25 grains, with 
fome few drops of water ; the remainder of the water being pre* 
bably detained by the lime or by the muriated lime which is known 
to retain water moft obftinately. 

By treating 100'parts of this fait in folution with a folution of 
nitrated filver, I found it to afford 258,5 of muriated filver heated 
to fufion, and confequently to contain 42,7$ of real marine acid. 

Hencu 
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Hence too parts of this fait contain 42,75 of real marine acid, 
25, 'or making allowance for lofles, 28 of mere vol-alkali, and 
29,25 of water of cryflallization and compofition. 

Hence 100 parts mere vol-alkali take up 152,68 of real marine 
acid, and fhould afford, if there were no lofs, 357,14 parts of 
fublimed fal ammoniac. And 100 parts marine acid take up 65,4 
nearly of mere volalkali, and fhould afford 233,9 p arts of fublimed 
fal ammoniac ; but in fubliming fal ammoniac there is always fome 
lofs. 

Mr. Cavendifh, in the Philofophical Tranfaclions for 1766 tells 
us, that 168 parts aerated vol-alkali, containing 52,8 per cent, of 
fixed air, faturatcd as much marine acid as roo grains of marble, 
which contained 40,7 per cent, of fixed air ; now 100 grains of this 
marble contain, by the analogy formerly given, (45 of fixed air to 
55 of lime) 50 grains of lime, by the 2d table, take up 42,2 of real 
marine acid, and 100 grains of the aerated vol-alkali there men- 
tioned, contain 24 per cent, of mere alkali, and confequently 168 
grains of it fhould contain 40 of mere alkali, which by the above 
ftatement would require for faturation 61 of real marine acid. 
This experiment would have made me doubt of the propriety of 
the above conclufions, had riot Mr. Cavendifh exprefsly ftated that 
his folution of marble was faturate, (and confequently as a fatu- 
rate folution cannot be obtained without heat, which he did not 
apply, he muft have added an excefs of marble, and judged the 

folution 
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folution faturate when no more air was expelled) and on the other 
hand he tells us, that the alkaline folution contained an excefs of 
acid, and this excefs exifting in every particle of a large folution 
muft be considerable. 

In the experiment related in my laft paper, I flated that ioo 
grains of aerated vol-alkali were faturated by 246 of marine acid, 
whofe fp. grav. was 1,1355, which appears by the firft table to 
contain 17,5 per cent, real acid, and confequently the quantity in 
246 grains was 43 grains ; on the other hand, the vol-alkali, con- 
taining but 43 per cent, of fixed air, contained, by my a&ual ex- 
periments, only 19,85 grains of mere alkali, and this quantity 
fhould take up but 30 of real marine acid. Hence in my former 
experiments there was an excefs of 1 3 grains of acid, which made 
the fp. grav. equal to that of the teft folution, and thus induced 
me to think the quantity of fal ammoniac formed greater than it 
really was. 

Wenzel found 168,4 grains of vol-alkali, containing 53,75 per 
cent, of fixed air, to require 240 grains of his fp. of fait to faturate 
them, and this quantity of his marine acid we have already feen to 
contain 55,17 of real acid, and 168,4 of the aerated alkali contain- 
ed, by the analogy already flated, 41,71 of mere vol-alkali, thefum 
of both was 96,88 ; yet having evaporated the folution to drynefs, 
and expofing the refiduum to a heat of 21 2° for four hours, he 

found 
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found it to Weigh 110,125 grains, as he knew 55 of thefe to be 
acid (or according to him 54), he naturally fuppofed the remainder 
to be vol-alkali ; hence according to him 100 parts offal ammoniac 
thus dried contain 49 parts of acid and 5 1 of vol-alkali. The dif- 
ference between us feems to arife from the lofs always experienced 
during evaporation, and if this had not happened, the dry refiduum 
would have amounted to 128 grains; as to the quantity of vol-al- 
kali he had no method of eftimating it. 

Cornette perfectly decompofed 2304 grains of fal ammoniac 
by an equal quantity of lime, which he flacked after weighing it, 
examining the refiduum, he threw it on a filter, and edulcorated it 
with repeated effufions of water, and what remained undiflblved 
he found to weigh, when dry, 756 grains, and hence he judged 
the remainder, viz. 1548 grains to have been diffolved by the acid 
of the fal ammoniac, and to confirm this conclufion, he precipi- 
tated the folution which had paffed the filter with a fixed alkali, 
and drying the precipitate, found it to weigh 1542 grains*; 
whence it feems to follow, that the acid contained in 2034 of fal 
ammoniac had diffolved 1542 of lime, whereas, by my calculation, 
it fliould diffolve but 1272,46 of lime, for fince 100 grains of fal 
ammoniac contain 42,75 of real marine acid, 2304 fliould contain 
1008 ; and fince by the third table 100 grains real marine acid take 
up 118,3 of lime, 1008 fhould take up but 1272,46 of lime. 

But; 

* Mem. Pa?. 1786, p. 533^ 
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But tWlimfe jMflSt wWpute and perlfedly free from fijfled air; 
can that be laid- of "tfefc eonftRKWi lime of Marly, which' he employed 
and does not faly he had prepared? Befides, by his edutcorationsy 
much pare lime muft have been difiolved, and have mixed with- 
the folution of muriated lime, and if his- alkali were not cauftic, 
the quantity of lime precipitated by it muft have been at leaft par- 
tially aerated, an4 confequently the mere earthy part apparently 
greater than it would have been; if pure. However, as this expe- 
riment forms a cumulative proof both of the proportion of acid 
contained in fal ammoniac, and of the quantity of it taken up by 
a given weight of lime, I thought it incumbent upon me to repeat 
iti hence I mixed 50 grains of fal ammoniac with 150 of flacked 
lime, and heated the mixture in a large glafs phial until all the al- 
kali was driven- off and the mixture ceafed to fmell, I then added 
a fufficient proportion of water, and digefted- the whole in a gentle 
heat for fdmd hours, then filtered and edulcorated the mafs on the 
filter, as I judged the folution to contain lime as well as muriated 
lime, I palled a ftream of fixed air into it, which inftantly turned 
it milky, and then filtered it off; the folution now free from lime 
I precipitated^ by a folution of an aerated foda, which contained 
17 per cent of fixed aif, as much of the folution was requifitc as 
contained ^grains of foda. The precipitate collected; edulco- 
rated ami dried^for fome hours on the filter, in a heat of 150 , 
weighed 46,75 grains, though no more could be feparated than 
41,62, thefe after ignition weighed 35 grains, fome ftuck to the 

glafs 
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glafs, and 5,25 remained in the filter j 123 grains of the foda gave 
out 20,91 of fixed air, and, as I afterwards found, kept about a 
a grain of the lime in folution, now 2r grains of fixed air are ab- 
forbed by 23,44 of lime, this then was the quantity of lime taken up 
by the acid contained in 50 grains offal ammoniac, that is, 21,37 
real marine acid, whereas by my calculation, fince 100 grains 
marine acid take 118,3 °f lime, 21,37 fhould take up 25,28, the 
difference is 1,84 grains, and even this I believe to proceed from 
the whole of the fal ammoniac not having been decompofed, 19,8 
-grains of the acid appear to have been taken up by the lime, and 
about 3,6 of the ammoniac e'feaped decomposition, this alfo clearly 
appears by the acli >n cf the foda, for 100 grains of this foda con- 
tain 22 of mere alkali, then 123 grains of it contains 27 ; as 100 
grains mere mineral alkali take up 73,41 of marine acid, then 27 
fhould take up 19,82. 

Hence we fee that in Rigour loo parts fal ammoniac may 
be decompofed by icO parts chalk, for 100 parts chalk gene- 
rally afford 42 of fixed air, and confequently contain 51,3 of 
lime, and 100 parts fal ammoniac contains 42,75 real acid, and 
fince 100 grains real marine acid are faturated by 118,3 °^ lime, 
42,75 of this acid require but 49,57 of earth ; but in all fuch cafes 
the medium of decompofition is always taken in greater quantity 
than is abfolutely requifite, otherwife the mixture would never be 
perfed, and in this cafe part of the fait might fublime without de* 
compofition ; hence 200 parts chalk are moft commonly ufed, 

Vol. VII. M m though 
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though 125 are faid to be fufficient. DoJJie Elab. laid open no, 
1 Labor, in Grofs 68, in note per Weigleb. and in effcd 1 25 grains 
chalk, at the above rate, would furnifh 52 grains of fixed air, 
which would faturate 24- of vol-alkali, and the ammoniac contains a 
fufficiency of water. 

Hence alfo we fee how it happens that 100 parts fal ammo- 
niac decompofed by 200 parts chalk frequently afford 89, nay, ac? 
cording to Baume, even 94 parts aerated vol-alkali, for if there 
were no lofs 125 parts of chalk were fufficient, but then this large 
quantity of fixed air is expelled, not by the acid of the fal ammo- 
niac, but by the heat applied, as Pellitier de la Sale has no- 
ticed, 2 Pharmacopie de Londres 427, and on this .account mag- 
nefia, as it parts with its fixed air much more eafily, and con- 
tains more water, affords a quantity of aerated vol-alkali, when 
ufed as a medium for dccompofing fal ammoniac, nearly double 
that of the fal ammoniac employed. Thus Weftrumb from roo 
grains of fublimed fal ammoniac and 300 of magnefia obtained 
193 grains aerated vol-alkali, % Chy. An. 1788, p. 15 ; his magnefia 
muft have contained a very large proportion both of fixed air 
and water, for he fays that 1920 grains of it being calcined left 
only 600 of earth, ibid. 17. 

Hence alfo, Dolfuz having treated 100 parts fal ammoniac with 
125, and even with 200 of chalk, in a glafs retort, obtained no 
more than 50 of aerated vol-alkali ; the fame thing happened when 

he 
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ke ufed an earthen retort, as he limply heated it to redncfs, whereas 
a ftrong white heat is requifite to expel fixed air from chalk, 
2 Crcll. Beytr. 199 I believe unpurified fal ammoniac would yield 
more aerated vol-alkali than the purified, on account of the oil it 
contains, which affords fixed air. Another certain proof that 125 
grains chalk are not acted upon by the acid contained in the 100 
parts fal ammoniac, but contribute to the increafed quantity of 
aerated alkali merely by the fixed air expelled from them by heat, 
is that the refiduum contains fome calcareous earth which the acid 
had not attacked, as Richter has obferved, 1 Stock. 2 Theile 98 
and 99. 

Several important deductions may be deduced from the know- 
ledge of the composition offal ammoniac, for inftance, an eafy ex- 
planation of its great refrigerating power, &c. which being impro- 
per for this place, I omit. 

Vitriolic Ammoniac 

100 grains of cryftallized vitriolated vol-alkali and 300 dry flacked 
lime, pneumatically diftilled in a pneumatic apparatus and a ftrong 
fand heat, Bar. 30,2, Therm. 66°, afforded 78,41 cubic inches of 
alkaline air, = 14,24 grains. 

M m 2 From 
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From a folution of vitriolated vol-alkali, precipitated by a folu- 
tion of muriated barytes, 164 grains of ignited barofelenite were 
obtained, hence the falf contained 54,66 grains real vitriolic 
acid. 

Hence 100 grains vitriolated vol-alkali contain 14,24 of mere 
vol-alkali, 54,66 of real acid, and 31,1 of water. 

In my former paper I ftated the quantity of vitriolic acid in 100 
grains of cryftallized vitriolated vol-alkali to be 62,47 ftandard, 
= 55,7 real acid, the variation is not considerable, but of the al- 
kali I could not then form a proper eftimate. 

Hence 100 parts mere vol-alkali take up 383,8 of real vitriolic 
acid, and afford 702,24 of vitriolated volalkali. 

2dly, 100 parts real vitriolic acid Should take up 26,05 of mere 
vol-alkali, and afford 182,94 of vitriolated vol-alkali. 

According to Wenzel, alfo, 100 parts vitriolic ammoniac con- 
tain 58,8 of real acid, hence of all cryftallized falts it contains the 
greateft proportion of this acid, as Glauber does the leaft. 

Nitrated Vol-Alkalt. 

From 50 grains of cryftallized nitrated vol-alkali, mixed with 
twice its weight of flacked lime, I obtained, in a pneumatic ap- 
paratus, 40 cubic inches of alkaline air, Bar. 30,p6, Therm. 6i°, 

by 



[ 277 ] 

by the fimple heat of a candle j fome water alfo patted, which un- 
doubtedly abforbed fome air, a greater heat could not be applied 
without rifking a decomposition of the alkali itfelf; hence ioo 
grains of this fait would yield 80 of air, which in thefe circum- 
ftances would weigh 14,5a grains. In another experiment I ob- 
tained ftill lefs of this air, for 50 grains of this fait afforded only 
34,962 cubic inches, the barometer indeed flood higher, namely at 
30,26, and the thermometer only at 58. 

Finding this method inadequate to the difcovery of the exa£t 
quantity of vofc-alkali in this fait* I tried the effect of fpontaneous 
evaporation on a mixture, of this fait with lime and water, but 
foon found the quantity evaporated fo great that it was very evi- 
dent it did not* proceed from, the mere volatilization of the alkaline 
part, but is a great meafure from that of the water alfo, hence I 
was obliged; to content myfelf with detecting the proportion of the 
acid part. 

For this purpofe I made a folntion of 400 grains cryflallized ni- 
trous ammoniac, and to this added a fmall proportion of a folu- 
tion of tartarin flightly aerated ; as the point of faturation could 
not be afcertained by any teft, I added but little of the tartarin, 
and fe't the liquor to evaporate in a very gentle heat. The next 
day I found fome cryflals of nitre, which I carefully picked out, 
wafhed and dried, then added more tartarin to the mother liquor, 
fet it to evaporate and cryftallize as before. Thus I proceeded for 

feveral 
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feveral days and at Jaft obtained 412 grains cryftallized, well dried 
nitre. Now 412 grains nitre contain, by my account, i8i,*8 
grains real nitrous acid, this quantity therefore exifted in 400 grains 
of the nitrous ammoniac, confequently ioo grains of this fait 
mould contain 45,3 of real nitrous acid. 

There are however ftrong reafons to think that this fait con* 
tains much larger proportion of acid ; for in the firfl place the 
fait volatilizes without decompofition with the water that holds 
it in folution, as Berthollet obferved in an experiment I fhall pre- 
fently relate, and confequently i* is reafonable to fuppofe that 
fome tfcaped this way in my experiment, and moreover nitre is 
itftlf in lbme meafure volatile during the evaporation of its folu- 
tion, and laftly, both Wen/el. Cornette and myfelf found a larger 
proportion of acid taken up by vol-alkali during the combination 
of both. 

In my lafl paper I ftated the proportion of ingredients in 
nitrous ammoniac at 24 vol-alkali 78,75 fiandard, which quantity 
is equivalent to 57,8 grains real acid, but noticed that there was 
an excefs 6f acid. At prefent all due corrections made from this 
experiment, I infer that 100 grains cryftallized nitrous ammoniac 
contain 57 nitrous acid, 23 of vol-alkali and 20 of water. 

Hence 100 grains vol-alkali take up 247,82. of nitrous acid, 
and fhould afford 435 of cryftallized nitrated vol-alkali, if there 
were no lofs in evaporation or no decompofition. 

And 
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Axd ioo grains nitrous acid fliould take up 40,35 of vol-alkali, 
and afford 175,4+ of ammoniac, if no lofs &c. 

An experiment of my own, related in my laft paper, feems to 
contradict thefe refults, for I there dated that 200 grains aerated 
vol-alkali, which contained 50 per cent, of fixed air, and confe- 
quently the whole, 46 of vol-alkali, having been faturated with 
nitrous acid, to have afforded 296 of nitrated ammoniac, whereas 
by calculating from the above ftatements they fhould afford but 
200 : but the reafon is, that the mafs of fait then procured was 
not wholly cryftallized, but contained much of the mother liquor 
and an excefs of acid which increafed its weight. The only ob- 
ject I had then in view was to (hew that the weight obtained was 
lefs than could be' expected from the theory 1 had then formed, 
for this purpofe it was not neceffary to pufh the deficcation very 
far — a decompofition alfo took place as will prefently be feen. 

According to Wenzel 240 grains of dry uncryftallized nU 
trated vol-alkali contain 1 55,9 of his flrongefl acid, 77,5 mere vol- 
alkali and 6,6 water: then ico grains of this fait fhould contain 
64,95 ac id, 32,29 vol-alkali, and 2,76 water. 1 23 grains of his 
aerated vol-alkali which contained 53,75 of fixed air, being fatu- 
rated with nitrous acid, afforded him in one experiment 127 of 
nitrated vol-alkali, and in another 123; by my calculation, this 
quantity of vol-alkali mould afford 132,6 of the cryftallized. 
fait. 

CoRNETTE. 
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Coxnette faturated 2304 grains of nitrous acid whofe fp. 
grav. was to that of water as 10 to 8, that is, 1,250 (he does not 
mention the temperature) with 1152 of an aerated vol-alkali ex- 
tracted from fil ammoniac by a fixed alkali (he does not tell how 
much air it contained), and evaporating to drynefs obtained 1476 
of uncryftallized nitrated vol-alkali, Mem. Par. 1783, p. 748. 

If the fp. grav. of the acid were taken at 6o° it would contain 
by my table 31,62 per cent, real acid, but if at io° of Reuamur, 
as is ufual in Trance, it would contain 32 per cent, the concrete 
alkali being extracted by a fixed alkali which yields moft, cannot 
be fuppofed to contain lefs than 52 per cent, of fixed air, and confe- 
qucntly 24 per cent of mere vol-alkali, then 2304 grains of his acid 
contained 737,28 real nitrous acid, and 11 52 of the aerated vol- 
alkali contained 2 S 1,48 ot mere vol-alkali; and if 737,28 real ni- 
trous acid take up 281,48 of mere vol-alkali, 100 grains of the 
acid mould take up 38,2 nearly of vol-alkali which approaches 
nearly to my conclufion. 

But as to the quantities of nitrated vol-alkali the difference is far 
greater; for if 737,28 grains of real acid faturated with vol-alkali 
afford 1476 of nitrated vol-alkali, 100 grains of this acid mould 
afford 200 of this fait ; whereas by my computation it mould af- 
ford but 175,44. 

These difcordant refults evidently (hew that a decompofition 
takes place in evaporating this fait in a heat even of 8o Q ; the hy- 
drogen 
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drogen of the vol-alkali partially decompofes the nitrous acid* and 
converts it either into nitrous air, which by contacl with the at- 
raofphere teforms nitrous acid, is reabforbed, and attracting more 
moifture forms the excefs of acid and increafe of weight which is 
fometimes found ; or the acid is fo far decompofed as to become 
rudimental nitrous air, which is the fubftance Dr. Prieftly calls 
depblogijiicated nitrous air t which refufing all combination, flies off 
and occafions a lofs of weight; fometimes both changes take 
place. 

Berthollet ^diftilled 1 1 5 2 grains of dry nitrated vol-alkali in 
a hydro-pneumatic apparatus, confifting of a retort, two enfiladed 
receivers, and a jar to receive air, 1080 grains parted out of the 
retort into the receiver, confequently 72 grains only remained in 
the retort. 

The enfiladed receivers contained 619 grains of a liquor highly 
acid, and much rudimental nitrous air (what Dr. Prieftly calls de- 
phlogifticated nitrous air) was produced, the weight of this or other 
air and water, produced and loft, confequently amounted to 461 
grains, for 1080 — 619 fc 461. 

To difcover the contents of the 619 grains of acid liquor he 

diftilled it in a water bath, there remained in the retort 320 grains 

Vol. VII. Nn of 

* Mem. Par. 1785, 316. 
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of ammoniac, which had not been decompofed by the ift diftilla- 
tion, but had paffed with the water into the enfiladed receivers, 
which proves that much of this fait is volatilized during the eva- 
poration of its folution. 

By this 2d diftillation an acid liquor paffed into the receiver, its 
weight mufl have been 619 — 320 = 299 grains, thefe 299 grains 
he faturated with tartarin, the addition of which produced no fmeli 
of vol-alkali, confequently no undecompofed vol-alkali remained. 
He then diftillcd off the water and found it perfectly pure, there 
remained in the retort 54 grains of nitre, whence, depending on 
Bergman's calculation, he fuppofes the 299 grains of the acid li- 
quor to have contained 18 grains of real nitrous acid, and that the 
remainder, viz. 28 1 grains muft have been water formed ; hence 
he concludes, ift, that 760 grains of nitrated ammoniac were de- 
compofed, for 72 + 320 = 392 cfcaped during decomposition, and 
thefc being fubftractcd from 1152, leave 760. adly, That from 
this decompofition 281 grs. of -water had been produced, and even 
more, for fome was loft, p. 318. All thefe changes were effected 
by the ift diftillation. 

I shall now examine this curious experiment on the grounds of 
the foregoing theory. 



ift, 
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rft, 76? grains of nitrated voi-alkali contain, by my account, 57 per 
cent, nitrous acid, 23 percent. vol-alka!i, and 20 per cent, water. 

Confequently of acid 433>2 

vol-alkali 174,8 
water 1 5 2,00 



760 

Again, 54 grains nitre contain, by my account, 23,76 real acid, 
and thefe, fubflracted from 433,2, leave 409,24 to form water and 
the rudimental nitrous air. 

Hence 760 — 23,76 = 736,24 grains form the quantity , to be 
accounted for; wc mult alfo aifign the rcafon why rudimental ni- 
trous air, and not mere nitrous air, was left. 

2dly, Of the 281 grains of water, found by Berthollet, 152 
pre-exiiled by my theory, confequently the formation of 129, and 
of the additional quantity loft, muft be accounted for. To effect 
this we are to obferve, 

3dly, That according to Berth'ollet's analyfis 100 grains vol-alkali 
conlift of 19,34 of hydrogen, and 80,06 of mephite, confequently 
that 178,4 grains of vol-alkali contain 33,8 of hydrogen. 

ijthly, 100 grains water, by the mod exa<fl experiment, re- 
quire for their composition 14,338 grains of hydrogen, confe- 
quently 129 grains of water require 18,497 of hydrogen, 9 Ann. 

N n 2 Chy. 
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Chy. p. 45 ; consequently 129 grains water require 18,497 °^ ^y- 
drogen, confequently there remained 15,3 grains of hydrogen for 
the formation of about 10c grains more of water, which were loft. 

5th. Lavosier afligns to 100 grains of fully oxyginated ni- 
trous acid about 64 of nitrous air and 36 of acidifying oxygen; 
but in its common ftate of oxygination we may affign it 25 only 
of Superadded oxygen •, and confequently 1 00 grains of the com- 
mon acid contain 75 of nitrous air and 25 of acidifying oxygen. 
ISitrous air itfelf contains about f of its weight of oxygen, and 
i mephite. 1 Lav. Elem. 235, and Mem. Par. 1781. 

Now 100 grains water require for their formation 85,662 of oxy- 
gen, therefore 229 grains of water would require 196,16 j but 409 
grains nitrous acid, fuppofing it even fully oxyginated, contain no 
more than 1 4-^24 of acidifying oxygen, therefore the remainder v. z. 
48,92 mutt have been extracted from the nitrous air, and much 
more, if we fuppofe the nitrous acid to contain but 25 per cent, 
of acidifying oxygen j for then the nitrous acid would fupply but 
I02 ; 25,and confequently 93,9 1 mould be taken from the nitrous air. 

Now, according to the experiments of Dr. Prieftly and Dieman, 
if much oxygen be fubftradted from nitrous air it will be con- 
verted into rudimental nitrous air ; thus this converfion, and the 
quantity of water found, are adequately accounted for on the 

theory above laid down. 

The 
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The account of the refults of this operation may be rendered 
ftill clearer by the following table. 



1080 grains paffed into the receivers at the firft diftillation, namely, 



undecompofed ammoniac 
undecompofed nitrous acid 
water of compofition 
water produced 
mephite of the vol- alkali - 



Of 409 nitrous acid,' 
from which its acidify- 
ing oxygen, namely, 
102,25 grains, were ex- 
tracted, there remained 
306,95 grains of nitrous 
air ; and of this, after 
the extraction of 93,91 
of oxygen, there re- 
mained 2 1 2,84 of rudi- 
mental nitrous air. 



rudimental nitrous air 

Total 

Lofs unaccounted for - 



Gra. 

32°> 
23>7 6 
152, 
229, 
141, 



212,84 

1078,60 
i,4 

1080,0 
Remarks 
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Remarks on Mr. Richters Calculation of "-tb't \Pfb$brtfim td \ Ingredients 

in Neutral Salts. 

Since the publication of my left: paper Mr. Richter, an able 
German Mathematician and natural pbilofopher, has published an 
elaborate treat ife on the fame fubj'eci,' in which infinite labour 
and great mathematical ingenuity is difplayed j his conclufions, 
however, differ confiderably from mine ; leaft this difference among 
fo many experiments" fhould ftfggcft a doubt concerning the deter- 
minations I have endeavoured to eftablifh, 1 feel myfelf obliged to 
investigate the fource of this difference, and 1 to fhew the inaccura- 
cy of feveral of his fundamental inductions. 

"Seclion \ft. 

Stochyometry, 2 Theile. 

By his firft experiment, the foundation of feveral of his fubfe- 
quent conclufions, he endeavours to difcover the res) quantity of 
calcareous earth in chalk, he found 24-co grains of cNlk expofed 
in an earthen vtfTel to the greateft heat of a wind furnace (how 
long?) to weigh, when cool, only 1342 grains, therefore 1000 
grains of this chalk would weigh 559 grains, and this without far- 
ther-proof he takes to be the true quantity of lime contained 
in it. 

On 
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On this experiment I remark, that it does not clearly appear 
that the chalk was thoroughly calcined, but on the contrary there 
is great reafon to think it was not, becaufe chalk has never been 
known to contain fo large a proportion of lime as -V^V* lt 1S true, 
he fays, it did not cfTervcfcc with acids, but furely it heated and 
bubbled, and fuch bubbles are not diftingnifhablc from real efTer- 
vefcence, where the quantity of fixed air is fmall, but by weigh- 
ing before and after the addition of an acid, which he does not 
fay he had done. 

Dr. Black found it impoffible to calcine any considerable quan- 
tity of lime in an earthen crucible, but was obliged to ufc one of 
black-lead to avoid vitrif.iclion, i Ed. Kftliys, 2ro. Smith found 
the fame difficulty to effect the eniire expulfion of fixed air, 
Differt. de Aere fixo, p. 40, 43. Chalk in general contains no 
more than 49 or 5c per cent, of fixed air, and the chalk he ufed, 
if it was purified, as he mentions in the 2d feclion, muft have 
contained abundance of moiiturc •, it commonly contains but 41 
per cent, of fixed air, and the proportion of earth in fuch cafe is 
only 50 per cent, or -^W, therefore T x|_ grains of fixed air re- 
mained unexpelled. 

Seclicn T>d. 

5760 grains of fp. of fait were faturated with 2393 of the afore- 
mentioned chdlk, and -the whole being evaporated to drynefs and 

heated 
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heated (o thin fufion, weighed 2544 grains, now at the rate he 
had before laid down, the 2393 grains of chalk contained 1337 of 
lime, and deducting this from the falited maTs, he concludes the 
remainder, viz. 1 207 to have been mere, or what I call real ma- 
rine acid *. There the error committed in dating the quantity of 
lime is important, as from this the proportion of real acid in the 
fp. of fait is deduced, and applied in calculating its proportion in 
other muriatic falts. If the chalk contained 50 per cent, of lime, 
as I ftate it, then 2393 grains of it contained 11 96 of lime, and 
deducting this from the 2544 of falited lime, the remainder, viz. 
1348 is the quantity of real muriatic acid contained in that mafs, 
and confequently that which is contained in 5760 grains of his fp. 
of fait, and 1000 grains of it contained 234,03 nearly, inftead of 
209, as he dates it. 

SeHlon 33*/, 

I pass to this feclion, as it is here that the defedt of nis detcrmi- 
nation will more clearly appear. In this he tells us, that he fatu- 
rated 1760 grains of a folution of mild vegetable alkali with 2740 
grains of the above mentioned fp. of fait, evaporated and fufed the 
neutral fait thus formed, and found it to weigh 1856 grains, 
whence, as by his ftatemcnt, 2740 grains of that fp. of fait con- 
tained 

* By an error of the preft it is ftated in the original that 1 207, 2544 : : 1 000, 1 10 3. 
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tained 573 of real acid, and this quantity entered into the 1856 
grains of neutral fait, it follows that by fubftra&ing 573 from 
1856 the remainder will exhibit the weight of the alkali, namely, 
1283 grains. 

It muft be allowed that this is a very indirect and improper me- 
thod of difcovcring the real quantity of mild alkali in the alkaline 
folution, for it comes loaded with the inaccuracies attending the 
two previous determinations, that of the real quantity of lime, 
from which that of the marine acid is inferred, and that of the 
marine acid, from which this laft determination is deduced j be- 
fides, if any muriated tartarin exifted in the alkaline folution, as 
it often does, it would efcape this method and could not be de- 
tected. 

But a more apparent objection lies to it; if 1586 grains of mu- 
riated tartarin contain only 573 of real acid, then 100 grains of 
this fait would contain only 30,86 ; now if any thing be well 
proved in my eflay, it is affuredly the affertion, that 100 grains 
of this fait contain nearly 36 of real acid, being confirmed by 
the experiments on falited filver, and the decompolition of com- 
mon fait, therefore Richter's determination is erroneous, by allow- 
ing to this fait too fmall a proportion of acid. 

But if we determine the quantity of alkali in the 5760 grains 

of alkaline folution by the quantity of real marine acid it was able 

Vol. VII. O o to 
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to faturate, calculated as I mentioned in the above experiment on 
lime, it will be found very exaclly ; for there I flated that 5760 
grains of his fp. of fait contained 1348 of real acid, and confe- 
quently 2740 contained 641,25. Now as 36 of acid take up 64 
of vegetable alkali, 641,25 take up 1 140 of that alkali, and the 
fum of both v. z. 1781, will be the quantity of muriated tartarin 
thus formed. It is true he found its weight to be r 856 grains, 
that is 75 grains more than by my calculation, but this excefs 
moft probably was caufed by the! f muriatcd tartarin prevroufly ex- 
ifting in his alkaline folution. His mode of obtaining what he 
calls a pure alkaline folution renders this highly probable. 

To obtain a pure alkali (§ 33) he fimply pours cold water on 
common pot-afh, and leaves them together, frequently agitating 
them for 24 hours ; the folution thus obtained he evaporates to 
drynefs, and then again treats ithe faline mafs with cold water, 
but with a quantity of it too fma-Jl to re-diffolve the whole ; fuch 
was the alkaline folution he employed. Now though much of the 
neutral falts contained in pot-afh may thus remain undiffolved, yet 
fome certainly will be taken up, and among the reft muriated 
tartarin, which is frequently found in vegetable aihes * and ' does 
not require above three times its weight of water to diflblve it. 
To this, then, the excefs of 75 grains may well be afcribed. 

The juftnefs of this conclufion is ftill further confirmed by exa- 
mining his experiment on vitriolated tartarin. He faturated ano- 
ther 

* Wiegleb. uber die Alkalifche Salze 98. 
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ther pound of the alkaline folution with 3647 grains of dilute vi- 
triolic acid, and after evaporation and ignition found the fait to 
weigh 2090 grains, and as he thinks he has proved the quantity 
of alkali in 5760 grains of the alkaline folution to be 1283 grains, 
hence he concludes the quantity of acid in the 2090 grains to be 
2090 _ 1283 = 8°7 grains ; if fo, vitriolated tartarin fliould con- 
tain but 38,6 grains per cent, of acid, whereas it has been proved 

to contain much more. But allowing the quantity of alkali in 

the pound of alkaline folution to be, as I ftated it, 114.0 grains, 
then as 55 parts alkali take up 45 of real vitriolic acid, 11 40 will 
take up 933 of this acid, and the fum of both will be 2073, which 
differs from 2090 only by 17 grains, owing probably to the mu- 
riated tartarin contained in his alkaline folution, which may even 
have been decompofed by the vitriolic acid. He determined, it is 
true, the quantity of vitriolic acid by another operation, § 1 8, 
but here a material and evident error occurs, as I fhall prefently 
fhew: 

ill, To 8460 grains of vitriolic acid, whofe fp. grav. was 
1,8553, he added 19200 of water, or, which is the fame thing, 
to 84,6 of the concentrated acid he added 192 of water, and 
found the fp. grav. of the mixture 1,214. 

2dly, He faturated 9075 grains of this dilute acid with 3215 
grains of the chalk above-mentioned, and as by his account 1000 
parts of that chalk contained 559 of lime, he concluded that 

O o 2 32x5 
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3215 grains of it contained 1596 of lime. Then having heated 
the felenite thus formed to a degree fufficient to convert lime-ftone 
into lime, he found it to weigh 3600 grains, and deducting 
from this weight that of the lime, he found the remainder, v. z. 
2004 grains to be the weight of the vitriolic acid which was con- 
tained in 9075 grains of the dilute acid liquor, and confe- 
quently that the 3647 grains of it which he had employed 
in faturating the alkali in the former experiment contained 
806 grains. 

Here, not to repeat with refpecl to the chalk what I have al- 
ready fuggefted, I fhall confine myfelf to a Jingle error, becaufe 
it is manifeft : 

As 1 000 parts chalk (he fays) contain 559 of lime, 32T5 grains 
of it fhould contain 1596, whereas by the rule of proportion it 
mould be 1797,185; then deducting 1797 from 3600, the re- 
mainder, v. z. 1 803, and not 2004, mould be the weight of the acid 
part of the felenite ; and 3647 grains of the dilute acid em- 
ployed in faturating the alkali mould contain, by his own ac- 
count, 722, and not 8c6 grains. It would ill become me to 
reproach Mr. Richter with this overfight, as many of fuch have 
often efcaped my notice in my own calculations, and occafioned 
me infinite labour in rectifying their numerous fpurious confe- 
quences. 

TABLE 
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TABLE II. 



Quantity of Real Acid taken up by mere Alkalis and Earths. 



ioo 



Parts. 



Tartarin 

Soda 

Vol-alkali 

Barytes 

Stronthian 

Lime 

Magnefia 

Argill 



Vitriolic. 


Nitrous. 


Marine. 


Fixed Air. 


82,48 


84,96 


56,3 


105 almoft 


127,68 


'35.7 1 


73,41 


66, S 


383,8 


247,82 


171 


Variable 


50 


56 


|i,8 


282 


72,41 


*5>56 


46 


43,2 


H3 


i79»5 


84,488 


81,81 


172,64 


210 


*">3S 


soo Fourcroy 


150,9 






335 nearly Berg. 
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TABLE III. 

Of the Quantity of Alkalis and Earths taken up by i oo Parts of Real Vitriolic, Nitrous, Muriatic anq 

Carbonic Acids, faturated. 



roo Parts 


Tartarin. 


Soda. 
78,32 


Vol-Alkali. 


Barytes. 


Stronthian. 


Lime. 
70, 


Magnefia r 


Vitriolic .... 


121,48 


26,05 


200, 


'38, 


57,9 2 


Nitrous - 


"7,7 


73,43 


4o,3J 


178,12 


116,86 


55.7 


47,64 


Muriatic .... 


'77.6 


136,2 


58,48 


3 '4,46 


216,21 


118,3 


89,8 


Carbonic - 


95.' 


149,6 


— — 


354,5 


*3'> + 


122, 


50, 



TABLE IV. 

(Quantity of Neutral Salts afforded by 100 Parts of the above-named Acids when faturated with the 

above-named Bafes. 



100 Parts 


Tartarin. 


Soda. 


Vol- 
Alkali. 


Barytes. 


Stronthian. 


Lime. 


Magnefia. 


Vitriolic 


221,48 


C 425 ciyftallized 1 
\ 178,5 deficcated J 


182,94 


300 


238 


f 1 70 in a white heat 
[ 198 at 170* 


340 cryftallized 
158 deficcated 


Nitrous 


227,22 


188 


175,44 






1 74 well dried, 
that is, in air 




Marine 


277,6 


257,2 


233,9 


J 487,4 cryftallized 1 
1 454,5 deficcated j 


540 cryftallized 
313,5 deficcated 


238 in a red heat 


286,2 well dried 


Carbonic 


232,5 


f 693,5 cryftallized \ 
\ 150 deficcated J 




454»S 


33*,7 


222,25 


ZOO 
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Of the Proportion of Ingredients 



I0O Parts Carbonic. 


Ban's. 


Acid. 
43. 


Water. 


'.'-. ■ . 


Aerated Tartarih 


41, 


16, 


Cryftalli 


Common Salt of Tartarin or Pearl Afh 


60, 


3°, 


6 


Dry. 


Aerated Soda - - "1 
Do. - .) 


21,58 
59,86 


14,4a 
40,05 


64, - . 


Fully cr 
Deficcat 


Aerated Barytes 


78, . 


22, 


- 


Natural 


Aerated Stronthian 


69,5 


30, 


- 


Natural 


Aerated Lime ««-.j-. c -- .> 


55. 


45. 


- 


Natural i 


Aerated Magnefia 


25, - - 


So, 


25, . -•..,,-. ..-.-.- •---- 


Cryftalli 


Common Magnefia 


45, 


34. 


21, 


Dried at 


Aerated-Vol alkali 


In the Ratio of 6 to 1 3 fixed A ; r 


to 


1 3 fixed Air. 




Vitriolic. 






. - ~~ .- ■ 


- ■" 


Vitriolated Tartarin « 


54,8 


45.* 




Dry. 


Glauber - 


18,48 - - j 


23,5* J 


58, - 


Fully cry 




1 









B L E 



VI. 



Of the Proportion of Ingredients in the following Saline Compounds 



Bafis. 


Acid. 
43. 


Water. 


State. 


100 Parts Nitrous. 


Bafis. 


Acid. 




41, 


16, 


Cryftallized. 




Nitre 

Nitrated Soda 

Do. 
Nitrated Vol-alkali 

Nitrated Barytes 

Nitrated Stronlhiari 

Nitrated Lime 

Nitrated Magnefia 

Muriatic. 


51,8 


44. - - j 4.2 oi 


60, 


3°. 


6 


Dry. 


40,58 


53,21 - - | 6,210 


21,58 


14,4a 

40,05 


64, - . 


Fully cryftallized. 
Deficcated. 


4M4 


57,55 - - | - 


59,86 


23, 


57, - - |2o, 


78, . - 


22, 


- 


Natural or ignited. 


57, 


32, - - 11, 


69,5 


1 
30, 


- 


Natural or ignited. 


36,21 


31,07 - - j32,72 


55. 


45. 


- 


Natural if pure, or artificial ignited. 


32, 


57,44 


10,56 


25, - - 


50, 


25, - •'.,..;v— •. 


Cryftallized. 


22, 


46, -"'■-,■■• • - 


22, 


45. 


34. 


SI, 


Dried at 8o°. i 








!n the Ratio of 6 to 1 3 fixed A ; r 


to 


1 3 fixed Air. 


j 








. - . ~~ .- ■ ■ 




■ 




54.8 


45.* 




Dry. 


Muriated Tartarin - 
Common Salt 


64, 


36, - - 


- 


18,48 - - j 


23,5* J 


58, - 


Fully cryftallized. 


53, j 


47, aqueous, 38,88 real 


- 


l 

















L E 



VI. 



297 



in the following Saline Compounds : 



State. 



zed. 



/ftallized. 
ed. 



or ignited. 



or ignited. 



f pure, or artificial ignited. 



zed. 



8o°. 



ftallized. 



100 Parts Nitrous. 


Bafis. 


Acid. 


Water. 


State. 




Nitre 

I Nitrated Soda 

Do. 
Nitrated Vol-alkali 

I Nitrated Barytes 

Nitrated Stronlhiari 

Nitrated Lime 

Nitrated Magnefia 

Muriatic. 


51,8 


44, 


- 


4,2 of Compofition 


■■A!* 

■ :*•*'- .. 

Dried at 70'. 


*: 


40,58 


53,2i 


- 


I 6,2 1 of Compofition 


Dried at 400 . 


42,34 


57,55 


- 


I - 


Ignited. 


23, 


57, 


- 


,20, 




57, 


32, 


- 


II, 


Cryftallized. 




36,2 r 


31,07 


- 


32,72 


Cryftallized. 


32, 


57,44 


- 


10,56 


Well dried, that is ir 


i Air. 


22, 


46, 


''-•: '■" ■ - 


22, 


Cryftallized. 




! 


•" \. ■■■''' 




Muriated Tartarin - 
Common Salt 


64, 


36, 




. . . 


Dried at 8o°. 


53, 


47, aqueous, 38,88 real 


- IDried at 8o°. 

_. - ,| 



















43, 




— — 




Aerated Tartarih 


41, 


16, 


Cryftalli 


Common Salt of Tartarin or Pearl Afh 


60, 


3°. 


6 


Dry. 


Aerated Soda - - "1 
Do. - -) 


21,58 

59,86 


14,4a 
40,05 


64, 


_ 


Fully cr 
Deficcat 


Aerated Rirytes 


78, . 


j 22, 


- 


- 


Natural 


Aerated Strontliian 


69,5 - " - 


1 , 
30, 


- 


- 


Natural 


Aerated Lime -*-j. >- . ■- 


55. 


45, 


- 


. - 


Natural i 


Aerated Magnefia 


25, - 


50. 


25, - '•,,.>.■■"■:*■-. 


Cryftalli 


Common Magnefia 


45. 


34, 


21, 


- 


Dried at 


Aerated-Vol alkali 


In the Ratio of 6 to 13 fixed A ; r 


to 


13 fixed Air. 




Vitriolic. 






x ,- .-' 


• 


Vitriolated Tartarin 


54,8 


45,* 




* 


Dry. 


Glauber - - 


18,48 


23,52 


58, - 


- 


Fully cry 


Do. - - - 


44. 


56, 


. 


- 


Deficcaw 


Vitriolated Vol -alkali 


14,24 


54,66 


31,1 






Barotelenite - 


66,66 


33.33 


'- 


- 


Natural a 


Vitriolated Stronthian >■ 


58, 


42, 


. 


- 


Natural 1 


Selenhe 


32, 


46, 


22, 


- 


Dried at 


Do. - 


35.23 


5°>39 


14.38 - 


- 


Dried at 


Dfl. 


38,81 


55,84 I 

i 


5,35 


- 


Ignited. 


Do. - - - 


4«> 


59, 


. 


- 


Incandef 


Epfom - " . • 


17. 


2 9,35 


53,65 


- 


Fully ciy 


Do. - . _. ' - 


36,68 


63,32 


. 


- 


Deficcate 


AUum - - 


12, ignited 


17,66 


5 1, of Cryftal + 19,24 in the Earth 


Cryftalliz 


Dp. " 


63,75 


36,25 


. 


- 


Deficcate 


Vitriols 
Of Iron 


28, t of $ =5 12, Metal 


26, 


38, + 8 of Compofition 




Cryftalliz 


Da- - 


45, 


4',93 


13,07 


! Calcined 


Lead 


75, Calx = 71 Metal 


23,37 


1 ,63 


- 




P^ru» 




" I 









} 



4i, 



6o, 



2I, S 8 

59,86 



43, 



3°, 



14,4a 
40,05 



78, 



22, 



6 9>5 



55, 



25, 



45, 



In the Ratio of 6 to 13 fixed A ; r 



30, 



45, 



50, 



34, 



to 



54,8 



18,48 



44, 



14,24 



66,66 



58, 



32, 



35,23 



38,81 



4'» 



17, 



36,68 



12, ignited 



63,75 



28, f of $ = 1 a, Metal 



45, 



75, Calx= 71 Metal 



45.* 



23,52 



56, 



54,66 



33,33 



42, 



46, 



5°, 3 9 



55,84 



59, 



2 9,35 



63,3a 



16, 



64, 



25, 



13 fixed. Air. 



58, 



3 1 , 1 



22, 



14.38 



5,35 



53,65 



Cryftallized. 



Dry. 



Fully cryftallized. 
Deficcated. 



Natural or ignited. 



Natural or ignited. 



Natural if pure, or artificial ignited. 



Cryftallized. 



Dried at 8o°. 



1 7,66 5 1, of Cryftal -|- 19,24 in the Earth 



36,25 



26, 



4'.93 



23,37 



Dry. 



Fully cryftallized. 



Deficcated at 700° 



Natural and pure, artificial ignited. 



Natural and pure, artificial ignited 



Dried at 66°. 



Dried at 1 70*. 



Ignited. 



Incandefcent. 



Fully cryftallized. 



Deficcated. 



Cryftallized. 



Deficcated at 700° 



38, + 8 of Compofition • j Cryftallized. 



13.07 



! Calcined to Rednefs. 



1 ,63 









1 


Nitre 

Nitrated Soda 

Do. 
Nitrated Vol-alkali 

Nitrated Barytes - 

Nitrated Stronthiari 

Nitrated Lime 

Nitrated Magnefia 

Muriatic. 


51,8 


44, 


4, 


40,58 


53,2i 


u, 

1 


4^,34 


57,55 


1 - 


23, 


57, 


|20, 

J 


57, 


32, 


u, 


36,21 


31,07 


J32, 


32, 


57,44 


10, 


22, 


46, -: • 


22, 








Muriated Tartarin - 


64, 


36, 


* 


Common Salt 
Sal Ammoniac 

Do. 
Muriated Barytes - 

Do. 
Muriated Stronthian 

Do. 
Muriated Lime - 
Muriated Magnefia 
Muriated Silver - 
Muriated Lead 
Do. 


53, 


47, aqueous, 38,88 real 


- 


- 


- 


- 


25, 


42,75 


32,2 


64, 


20, 


16, 


76,2 


23,8 


- 


40, 


18, 


42, 


69, 


3i. 


- 


5°, 


42, - 


8, 


3i,07 


34,59 


34,3 


75, 


16,54 


8, 4 < 


81,77 Tt) 


18,23 


Int 


83, * of % 


!7, 


- 









zed. 



('ftallized. 
ed. 



or ign 



ited. 



ignited. 



f pure, or artificial ignited. 



zed. 



8o°. 



Nitre 

Nitrated Soda 

Do. 
Nitrated Vol-alkali 

Nitrated Barytes 

Nitrated Stronthiari 

Nitrated Lime 

Nitrated Magnefia 



51,8 



40,58 



4M4 



23, 



36,21 



32, 



Muriatic 



ftallized. 



d at 700° 



nd pure, artificial ignited 



mdpure, artificial ignited 



66° 



170*. 



:ent. 



ftallized. 



d. 



ed. 



dat 700° 



td. 



to Rednefs. 



Muriated Tartarin - 
Common Salt 
Sal Ammoniac 

Do. 
Muriated Barytes - 

Do. 
Muriated Stronthian 

Do. 
Muriated Lime - 
Muriated Magnefia 
Muriated Silver - 
Muriated Lead 
Do. 



64, 



S3, 



2 5, 



64, 



76,2 



40, 



69, 



5°, 



31,07 



75, 



81,77 t1) 



83,* oft) 



44, 



4,2 of Compofition 



53,2i 



6,2 1 of Compofition 



57,55 



57, 



,20, 



32, 



11, 



31,07 



- :3 2 ,72 



57,44 



10,56 



46, 

r 



36, 



47, aqueous, 38,88 real 



42,75 



20, 



23,8 



18, 



3i, 



42, 



34,59 



16,54 



18,23 



J 7, 



32,25 



16, 



42, 



34,34 



8,46 Oxygen 



In the Calx 



Dried at 70*. 



Dried at 400 . 



Ignited. 



Crv ftallized. 



Crvftallized. 



Well dried, that is in Air. 



Cry ftallized. 



Dried at 80 °. 



IDriedat 8o°. 



Cry ftallized. 



Sublimed. 



Cryflallized. 



Deficcaied. 



Cry ftallized. 



Deficcated. 



Red hot. 



Senfibly dry. 



Dried at 130". 



Cryftallized. 



Deficcated. 



1)0. 


* • 


Vitriolated Vol -alkali 


Barotelenite 


Vitriolated Stronthiaa >■ 


Selenhe 


- 


Do. 

• 

Do. 


" 


Do. 


*. 


Epfom 


- 


Do. 


- 


AUum 


.- 


Do. 


o * 




Vitriols 




Of Iron 




Da- 




Lead 




Copper 




Zinc 




Vol. VII. 



44, 


56, 


. 


Deficcau 


14,24 


54,66 


31,1 




66,66 


33,33 


- 


Natural a 


58, 


42, 


. 


Natural 1 


32, 


46, 


22, - 


Dried at 


35,23 


5°>39 


14.38 - 


Dried at 


38,81 


55,84 


5,35 


Ignited. 


4«> 


59, 


. 


Incandef 


17, 


2 9>35 


53,65 


Fully ciy 


36,68 


63,32 


. 


Deficcate 


12, ignited 


17,66 


5 1, of Cryftal + 10,24 * n tne Earth 


Cryftalliz 


63,75 


36,25 


. 


Deficcate 


28, t of $ =5 12, Metal 


26, 


■ 

38, + 8 of Compofition - Cryftalliz 


45, 


4',93 


13,07 - - ! Calcined 


75, Calx = 71 Metal 


2 3,37 


1 ,63 




40 Calx = 30 Metal 


3 1 , 


29, - j 


40 Calx = 30 Metal 


20.5 


39,' '"•<' •" '" * - | 


. 






1 



44, 


56, 


. 


Deficcated at 700 . 


14,24 


54,66 


31,1 




66,66 


33,33 


- 


Natural and pure, artificial ignited. 


S 8, 


42, 


. 


Natural and pure, artificial ignited. 


32, 


46, 


22, 


Dried at 66°. 


35,23 


5°>39 


14.38 - 


Dried at 1 70*. 


38,81 


55,84 


5,35 


Ignited. 


4«> 


59, 


. 


Incandefcent. 


17, 


2 9>35 


53,65 


Fully cryftallized. 


36,68 


63,32 


. 


Deficcated. 


12, ignited 


17,66 


5 1, of Cryftal + 19,24 in the Earth 


Cryftallized. 


63,75 


36,25 


. 


Deficcated at 700°. 


28, t of $ — 12, Metal 


26, 


38, + 8 of Compofition 


- 

Cryftallized. 


45, 


4',93 


1 3,07 - - ! Calcined to Rednefs. 


75, Calx= 71 Metal 


23,37 


1 ,63 




40 Calx = 30 Metal 


3 1 , 


29, - -| 


40 Calx = 30 Metal 


20.5 


39.' '"•<' •" '" * - | 


. 






1 



Sal Ammoniac 
Do. 

Muriated Barytes - 

Do. 
Muriated Stronthian 

Do. 
Muriated Lime - 
Muriated Magnefia 
Muriated Silver - 
Muriated Lead 
Do. 



PP 



• 


- 


25, 


42,75 


64, 


20, 


76,2 


23,8 


40, 


18, 


69, 


3i, 


50, 


42, • 


31,07 


34,59 


75, 


16,54 


81,77 Tt) 


18,23 


83, * of % 


»7, 







d at 700° 





nd pure, artificial 


ignited. 


md pure, artificial 


ignited. 


66°. 


170*. 




:ent. 




ftallized. 




d. 


ed. 


dat 700°. 



td. 



to Rednefs. 



Sal Ammoniac 

Dd. 
Muriated Barytes - 

Do. 
Muriated Stronthian 

Do. 
Muriated Lime - 
Muriated Magnefia 
Muriated Silver - 
Muriated Lead 
Do. 



PP 



• 


- 


~ ■ - 


Cryltallized. 


25, 


42,75 


32,25 


Sublimed. 


64, 


20, 


16, - 


Cryflallized. 


76,2 


23,8 


- 


Deficcaied. 


4°> 


18, 


42, 


Cryftallized. 


69, 


3 1, 


. 


Deficcated. 


5°, 


42, 


8, 


Red hot. 


31,07 


34,59 


34,34 


Senfibly dry. 


75, 


16,54 


8,46 Oxygen 


Dried at 130". 


81,77 t1) 


18,23 


In the Calx 


Cryftallized. 


83,* oft) 


1 7, 


- 


Deficcated. 






V 


■ - 



